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PREFACE 

This volume is the outcome of a suggestion that the authors’ 
Lessons in Science^ originally intended to assist pupil teachers 
and others offering Physics and Chemistry in the Preliminary^ 
Examination for the Certificate of the English^ Board of 
Education, would, if modified and extended, meet the needs of 
candidates preparing for the examination in elementary science 
(Physics and Chemistry) for the Matriculation Examination at 
the University of Madras. 

The present edition will be found to contain a* full descriptive 
and experimental treatment of all the subjects included under 
Elementary Science in the new Syllabus for Matriculation at 
the University of Madras, and to cover the work necessary for 
similar Examinations at other Universities. 

Each chapter is provided with a summary of the chief points 
explained, and is followed by a miscellany of questions set at 
numerous important public examinations. 

The authors gladly take this opportunity to acknowledge the 
assistance rendered by Mr. G. H. Wyatt, B.Sc., in arranging 
the present edition, and in writing some of the new sections. 


R A. G. 
A. T. a 
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LESSONS IN SCIENCE. 


CHAPTER I. 

PHYSICAL PROPERTIES AND STATES OF MATTER, 

1. PROPERTIES OF MATTER. . 

1. Porosity. — (a) Filter some muddy water through a filter paper 
placed in a funnel (Fig. 1). The particles of water are small 
enough to pass through the pores of the paper, but the solid 
particles of mud are too larg% hence they are left behind. 

(6) Procure a, piece of ch mois leather ; make it jnto a bag, and 
pour some mercury into it. Increase the pressure on the mercury 
by twisting the leather. The 
mercury is forced through the 
pores. Tliis is a common way 
of filtering mercury. 

(c) Half fill a barometer tube 
with water ; then gently add 
alcohol until the tube is nearly 
full. Make a mark on the tube 
at the level with the top of the 
liquid column, and afterwards 
shake the tube so as to mix the _ 

water and alcohol well together. fio. l.-Funnel and filter-pafier.' 

Observe that the volume of tj^ 

mixture has diminished, the^ason being that some of each liquid 
has filled up pores between the particles of the other. 

ii Elaaticity.— Procure a slab of polished marble or some similar 
material and smear it with oil. Drop a billiard ball, or a large glass 
marble, from a considerable height on to the slab. Catch it it 
rebounds. Notice that a blot of oil is found where the ball came 
into contact with the slab. Compare the size of the blot with the 
spot which is formed when the marble is placed in contact with 
the slab. 

Evidently the ball underwent a compression as the result of 
collision with the slab, and, bv virtue or its elasticity, it regained 
its original size, causing the rebound. , 

L.S. I. A 
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What is n^eant by “matter.”— Our earliest knowledge of 
the world teaches us that on every side we have what we 
familiarly speak of as things of all kinds. VH e become aware of 
the existence of these things in different ways. Some we feel, 
some we smell, some we see, some we taste, vdiile others again 
make their existence known to us by the sounds we hear. On 
a windy day at the sea-side, standing on fiie beach, we feel the 
ground under our feet ; we smell, it may be, the tar on a neigh- 
bouring boat or the seaweed on the shingle ; we see a distant 
ship at sea or the clouds hurrying across the sky ; we taste the 
salt in the air ; and we hear the never-ceasing roar of the waves 
as they break at our feet. All these things, about which we 
get to know by our senses, are called material things ; they are 
forms of matter. We must think of matter, then, as meaning 
all tMnga wMoh exist in or out of our world, whicli we can become 
aware of by the help of our senses. 

Different kinds of matter. — Of course the number of 
different kinds of things is very great, but yet they can all 
be arranged in three classes, according to certain of the 
properties they possess, which we shall immediately have to 
study. The classes are (1) Solid things or solids ; (2) Liquid 
things or liquids ; (3) Gaseous things or gases. Sometimes the 
last two are made into one class and called fluids. 

What is meant by “properties.”— We shall have occasion 
to use the word properties so often that it will be well to under- 
stand clearly what meaning the word conveys, and this can be best 
accomplished by one or two examples. We say a strawberry is 
sweet, or a strawberry has the property of sweetness ; the paper 
of this book is white, or the paper possesses the property of 
whiteness ; the sun is bright, or the sun is noted for the 
property of brightness. Evidently, then, properties are certain 
efibots caused by the things which are said to possess tdiem. 

Properties possessed by all kinds of matter.— There are 
certain properties possessed in common by all kinds of matter ; 
th%e are said to be general properties. 

1. Matter must occupy a certain space, or possesses extension ; 
the larger it is the larger the space occupied by it. 

2. Twb material things cannot occupy the same space at the 
Sam* time. This property is expressed by saying that matter 
ib iMpittelsalile. To be qvite accurate, we h§.ve to know some- 
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thing about the way in which matter is built #up. We shall 
see more fully later that every kind of matter is regarded 
as being built up of small constituent parts, which are 
incapable of division, and that it is really only these indivisible 
parts which are impenetrable. 

3. Matter offers resistance. — We become aware of this, in the 
case of solids, if w? knock ourselves against the wall or the 
table ; if we swim or wade in water we know the s^me thing is 
true of water, and we find it to be so of all liquids ; if we 
attempt to run with a screen in front of us we become conscious 
of the resistance offered by the air to our onward progress, and 
from this learn that gases, too, offer resistance. 

. 4. Matter has weight. — Without knowing the full significance 
of the expression weight, wo shall have a sufficiently clear idea 
of what is meant by this property from its familiar use* in every- 
day conversation. By lifting a solid we become conscious of its 
possession of this property ; if we lift an empty bottle and then 
when it is full of any liquid, we shall find it is lighter in the first 
instance, or, as we say, the liquid has weight. By the exercise 
of sufficient care it can be shown, in just the same manner, that 
gases have weight. 

5. Matter transfers motion to other things when it strikes against 
them. — If we throw a stick at a cocoa-nut on the end of a pole, 
or send a jet of water at a ball, or blow at a piece of paper, 
another of the general properties of matter can be demonstrated, 
namely, the power of giving motion to other things by striking 
against them. All these general properties can be brought 
together in a definition — thus : Matter occupies space, offers 
resistance, possesses weight, and transfers motion to other things 
when it strikes against them 

Other properties of matter. — Matter possesses other char- 
acters or properties which it will be useful to study. 
Though these, too, are general properties, it is possible to form 
a good elementary notion of matter without taking them in^ 
account, and it must be remembered that these properties 
cannot all be applied to every kind of matter. We ^all 
consider (1) Divisibility, (2) Porosity, (3) , Comprefierotli^J^, 
(4) Elasticity, (5) Inertia. ' 

Divisibility. — Imagine some material body beft^e you 4 
table. You kuovj that with suitable •means you cim 'iJivids it 
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into parts hjr cutting, that each of the halves can be again 
divided, and that the bisection can be continued as long as the 
knife is sufficiently fine and sharp to be able to cut the substance. 
Evidently, if you could only get sharper and sharper knives, and 
keener and keener eyes, this process of division could be carried 
on for a very long time. This property is what is understood 
by (livislbllity. 

Could this division go on for ever? There are reasons for 
believing that it could not. Eventually a stage would be 
reached at which each individual part would be indivisible ; 
these pai'ts are called atoms. It must be at once undeistood 
that atoms have never been seen. We can only imagine what 
would be the end of our process of division. Our strongest 
microscopes bring us nowhere near the possibility of seeing 
an atom. 

Porosity. — We are ail in the habit of associating this property 
with 'Certain familiar forms of matter. The sponge we use in 
the bath has holes through it, or is, as we say, porous. A piece 
of blotting paper is another common example of an obviously 
porous material ; the substances used in filters must also 
evidently be porous, or else the water would not percolate 
through them. Porosity refers to the possession of these 
interstices or pores. In some cases, though we cannot see 
these pores witli the naked eye, we easily perceive them with 
a microscope. The pores have often been shown to exist, even 
where it is difficult to imagine their existence, by forcing water 
through them. Thus Francis Bacon, in 1640, foi’ced water 
through a very carefully closed sphere made of lead. 

Compressibility. — This property follows as a natural conse- 
quell ce of that just described. If pores exist between the 
indivisible small particles of which matter is built up, it ought 
to be possible, by the adoption of suitable means, to make these 
particles go closei* together. This is found to be the case. By 
pressing upon the body from outside it can be made smaller. 

This is well known to be the case in gases, which can 
actually be made to become successively one-half, one-quarter, 
one-eighth, and so on up to at least one-hundredth of their 
original size. 

The same thing holds true in the case of solids, though to 
9b much smaller extent. A familiar example of the compression 



PHYSICAL PROPERTIES AND STATES OF MATTER 5 


of solids is seen when a druggist presses a cork» between two 
pieces of iron in order to make it fit a bottle for which it was 
previously too large. But, generally, in the case of solids the 
pi'essure exerted has to be very great to bring about even a 
small compression. 

It was believed for a long time that liquids could not be 
compressed, but it is now known that they can be slightly 
reduced m volume, that is, the particles can be foiced nearer 
together. 

Thus we learn that compressibility is not only a consequence of 
porosity but actually a proof of its existence. 

Elasticity. — Imagine a gas to liave been made to assume 
one-half its size by compressing it. What would happen if the 
pimsui'e, which is the cause of the diminution, were suddenly 
removed ? The gas would resume its original size or volume, 
and it would, so far as appearances are concerned, seem to have 
undergone no change. The gas is said to be perfectly elastic 
and the property which enabled it to go back to its original 
state is called elasticity. Similar results follow with liquids ; 
th<*y also are perfectly elastic. 

Some difi'erences arise when solids come to be examined. 
Though the property can be developed in solids in at least four 
ways — by pressure, by pulling, by bending, and by twisting — 
we need only in this connection consider the first, as it is the 
elasticity which is developed by pressure which is most marked 
in all forms of matter. Ivory, marble, and glass are examples 
of elastic solids ; while putty, clays, fats, and even lead are 
instances of solids with scarcely any elasticity. In a scientific 
sense, glass is more perfectly elastic than india-rubber, because 
it returns to its original shape after it had been forced out of 
that shape, whereas india-rubber does not return exactly to its 
original shape. 

A solid will only resume its former dimensions when the 
pressure is removed, provided that the pressure is within#a 
certain limit. If the pressure be more than this minimum 
amount, or if it exceeds the limit of elasticity, as it is called, 
the solid will not return to the initial size ; it will undergo 
a permanent change. * As the student will see later from 
Expt. 3 i., this limit of elasticity is only exceeded in the case 
of india-rubber when the pressure applied is very great 
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Inertia. — Tliis property will be considered more fully in a 
later chapter, and here we need only say that it is entirely 
a negative property ; it may be expressed in a general way by 
the statement that inanimate bodies are incapable by them- 
selves of changing their state of rest or motion. 

2. THE THEEE STATES OF MATTER. 

i. Solid. — Procure a lump of ice and notice that it has a 
particular shape of its own, which so long as the day is sufficiently 
cold, remains nxed. 

it Liquid. — With a sharp brad-awl or the point of a knife break 
the ice up into pieces, and put a convenient quantity of them into a 
beaker. Place the beaker in a warm room, or apply heat from a 
laboratory burner or spirit lamp. The ice disappears, and its place 
is taken by what we call water. Notice the characters of the 
water. It has no definite shape, for by tilting the beaker the water 
can be made to flow about. 

iii. Qas. — Replace the beaker over the burner and go on warming 
the water. Soon the water boils, and is converted into vapour, 
which spr(3afl8 itself throughout the air in the room, and seems to 
disappear. The vapour can only be made visible by Vflowing cold 
air at it, when it becomes white and visible, but is really no longer 
vapour, hut has condensed into small drops of water. 

iv. Change firom solid to gas. — Warm a Florence flask by twirling 
it between the Anger and thumb alx)ve the flame of a laboratory 
burner. When it is too warm to bear the Anger upon the bottom, 
introduce a crystal of iodine, and notice it is at once converted 
into a beautiful violet vapour. 

V. Cradual change of state. — Warm a lump of sealing-wax or 
bicycle cement in an iron spoon, and notice the gradual conversion 
into a liquid. 

States of matter. —Solids, liquids, gases.— The fact that 
there are three kinds of material things is well known to every 
on e,** and has been stated already. We must now add to this 
another idea, viz., that the same matter can exist in three 
different states. 

In Experiments 2 i.-iii., the same form of matter has been 
m^de to assume three states ; in other words, ice, water, and 
steam are the same form of matter in the solid, liquid, and 
gaseous state respectively. 

Tlie cliange from one state to another may be sudden or 

gradlial»r--The circumstances attending the change from the 
solid to the liquid, or from the liquid to the gaseous state, are 
not always the same as in the case of water. When solid 
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iodine is heated, it appears to pass suddenly fi^m the condi- 
tion of a solid to that of a gas. Camphor is another instance 
of this sudden transition from solid to vapour. When, on the 
other hand, sealing-wax is heated, it very gradually passes 
into the liquid condition, and may be obtained in a kind o*f 
transition stage — neither true solid nor true liquid. 

There is no hard and fast line between these three conditions 
of matter. The reader will find as his knowledge extends 
that intermediate states of matter are known between those 
described, but for the present it will be best to confine the 
attention to this simple division, reserving for future work a 
study of these gradations. We shall now consider the dis- 
tinctive properties ^ solids, liquids, and gases. 


3. DISTINCTIVE CHARACTERS OF SOLIDS. 


i. Stretching of india-rubber. —Fix one ci 1 of a piece of india- 
rubber cord, or tubing, about two feet long, to a support (Fig.* 2). 
Stick two pins through this cord about 18 inches 


apart. Tie the lower end of the cord into a loop, 
and then hang a weight by means of a hook from 
it. Measure the distance between the pins be- 
fore and after putting on the weight. Repeat 
the experiment with different weights. You 
will notice that the cord can be stretched or 
elongated, because the weights exert a pulling 
force upon it. If a long metal wire is used in- 
stead of the cord, the stretching can be measured 
in a similar way, but it is much less ; for instance, 
a brass wire ^ inch in diameter and eleven 

jU 5 

feet long elongates about inch when a weight 
of 28 lbs. is pulling it. ^ 

ii. Bending of a lath. —Procure a flexible wooden 
lath, and fix it horizontally by clamping one end 
of it firmly. T(j the other end attach a pin by 
means of a little wax. Place a rule vertically 
near the pin, as in Fig. 3. Hang a weight from 
the free end of the lath, and observe the amount 
of bending. Keeping the same weight, clamp 
the lath so that only half the previous length 
can be bent, and again notice the amount of 
bending. Try also with other lengths. 

iii !]hiri8tiiig of a wire.— Suspend a wire with 
a weight at its lower end, and under it a circle 
divided into degrees in a* manner similar to that 
shown in Fig. 4. Notice the posijljk>n at whidh 
the weight comes to rest ; then twist th^ weight 



Fio. 2.— Experiment 
to illustrate tho lorn 
gitudinalstretehliif ; 
of an india-rubbec 
OOffh 
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through a certain angle, and let it go. The weight untwists back to 
the starting point and beyond it, and then spins in the way it was 
twisted, and goes on oscillating iti ^his manner until it comes to 



Fig. 3.— Measurement of the bending of a lath. 


r^st. ^Observe how long the wmgl^t takes to make ten or fifteen 
bom'plete spins. Repeat the observation with wires of differ u it 

lengths and diameters, and made 

of difi’erent metals. The time 
of an oscillation depends upon 
the tendency to untwist, so that 
the experiment shows that this 
depends, among other things, upon 
the length, diameter, and nature 
of a wire. 

iv. Tenacity. — Suspend a balance - 
pan from the lower end of a thin 
copper wire attached to a beam. 
Add weights to the pan until' 
the wire breaks. The force re- 
quired to break the wire is the 
joint weight of the balance -pan 
and the weights in it. Repeat 
the experiment with wires of 
the same diameter but made of 
Fio. 4.— Elasticity of torsion. different material. 



solid body doM ^ot readily alter its size or shape. 
It will kedp its own volume and the same form unless subjected to 
a oonsidorable force. — Another way of expressing the facts 
contained in the definition is to say that solids possess rigidity. 
Hard solids are more rigid than soft ones. Liquids, on the 
other hand, possess no rigidity, but the opposite property of 
IkiiMdhg or fluidity. Liquid particles slide over one another so 
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easily that the surface of a liquid at rest is always horizontal. 
Fine sand may be made to flow, but the particles, however, do 
not move freely over one another, so the surface is left uneven, 
which #fact provides us with a clear means of distinguishing 
between a solid and a liquid. 

Solids possess elasticity. — It has been showii^ already that 
elasticity can be called into play in .solids by' i)re8iure,«^and 
also by pulling, bending, or twisting. It would take us 
too far into the subject of Physics to describe hov^ the 
elasticity has been measured in thesc^ cases, but that there is 
an alteration of form when solids are treated in these ways is 
shown clearly by the results of Experiments 3 i.-iii. • , 

Solids possess tenacity, ductility and hardness.—The 
force required to tear asunder the particles of a Body varies 
with different materials ; in other words, some substances are 
more tenacious than others. 

Tenacity is measured by ascertaining what weight is necessary 
to break solids when in the form of wires. — In making the 
measurement of tenacity, the area of the cross section of the 
wire must first be estimated carefully. By the cross section 
is meant the area of the end of the wire when it is carefully 
filed to be at I'ight angles to the length. This cross section is 
estimated by measuring the diameter of the wire and 
calculating.^ 

It is found that a wire of twice the cross sectional area of 
another is just twice as tenacious. Evidently, then, if we 
wish to compare the tenacity of two wires of different materials, 
it will make the experiment much simpler if wires of the same 
cross section are selected. Cast steel is the most tenacious of 
all metals, being about twice as much so as copper and forty 
times as tenacious as lead. But the tenacity of steel itself is 
exceeded by that of unspun silk, while single fibres of cotton 
can support millions of times their own weight without breaking. 

Ductility is the property by virtue of which solids can be igade 
into wires. — A ductile material is thus one which can be drawn 
out. The change of form in this case is produced by pulling. 
Malleability is a similar property to ductility, but the change ^ 
form is brought about by the application of pressure ; goW; 

1 Area of cross 8ectioi»=*^ x -r • 

7 4 
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copper, and lead, for instance, can be beaten out into thin 
plates, and aie therefore malleable substances. Lead is an 
example of a malleable mateiial which is not ductile — it can be 
beaten out but cannot be drawn into wiies. A solid which 
can be easily moulded into any shape, which it also retains, 
is said to be plastic. An example is modelling clay. 

Platinum is the most ductile and gold the most malleable 
metal known. Platinum has been drawn out into wire so fine 
that a mile of it weighs only one and a quarter grains. Gold 
has been beaten into plates so thin that it would require three 
hundred thousand of them placed one above the other to make 
a layer an inch thick. 

Hardness is the property by virtue of which solids offer resist- 
ance to being scratched or worn by others. — This is a property of 
great importance in the study of minerals, as it often affords a 
ready means of distinguishing them. The method of measuring 
hardness consists in selecting a series of solids, each one of the 
series being harder than the one above it, and softer than the 
one below it. At one end of the series, therefore, the hardest 
solid known is placed ; at the other end, the softest which we 
may wish to measure. A hard solid is frecpiently also brittle, 
that is, it is easily broken when wo attempt to bend it, oi* 
when we subject it to a blow. Very hard steel is also very 
brittle. 


4. DISTINCTIVE OHARAOTEES OF LIQUIDS. 

I Viscosity. — Procure specimens of treacle and pitch. Soften the 
latter. Compare the consistency of the treacle and the softened 
pitch with that of water, and note the gradual increase in the 
viscosity of the liquids. 

II IilQtuid at rest, —Into a shallow glass vessel pour enough 
mercury to cover the bottom. Attach a ball of lead to the end of a 
fine string, and so construct a plunii)4ine. Hang it over the surface 
of the mercury, and notice that the line itself and its reflection are 
in one and the same line. If this wore not the case, that is, if the 
ima^ slanted away from the plumb-line itself, we should know 
the surface of the liquid was not horizontal. 

ill Bropi. — Sprinkle some powdered rosin on a board and then a 
little water. Notice the water collects in drops ; the smaller they 
are, the more nearly spherical they are. Observe the same thing 
with mercury on a sheet of paper. 

iv. Brep of liquid inside another liquid.— Mix methylated spirit 
and water until a few drops lof oil just float when the mixture is 
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quite cool. Pour fresh oil, by means of a pipettey into the middle 
of the mixture. Notice spherical globes of oil can thus be formed. 

V. Drops can unite. — Observe that drops once formed can be made 
to run together again by coming in contact. 

vi. Cohesion. — Carefully cleim and polish two pieces of plate glass, 
and then place one on the other. The two surfaces will be found to 
cohere, and considerable force will be required to separate them. 

A Liquid easily changes its shape but preserves its 
volume. — Wo have now to learn the leading properties wliich 
liquids possess, which distinguish them from solids on one 
hand and from gases on the other. We have learned already 
that, being forms of matter, they have certain general characters 
in common with all other material things ; but what is there 
about a liquid which makes us give it a name of its own ? A 
liquid adapts itself to the shape of the vessel containing it, hut the 
conditions remaining the same, it keeps its own size or volume, 
however much its shape may vary. When it is not held by the 
sides of a vessel it at once flows. This is the commonest eVeryday 
experience. You cannot get a pint of water into a glass of half a 
pint capacity. It does not matter what the shape of the bottle 
or jug may be — providing it holds a pint, as we say, or provided 
its capacity is a pint, the quantity of water taken to fill it 
exactly is always the same. If we turn the jug upside down, 
the water all runs away because there is no part of the vessel 
to prevent it from flowing. Moreover, the surface of liquids 
enclosed by a vessel is always level. 

The flow of liquids. Viscosity.— The power of flowing is 
not perfect in liquids. The small particles making up the liquid 
always stick to one another a little, and when any part of a 
mass of liquid moves, it always attempts to drag the neighbour- 
ing particle, which is at rest, with it. We can sum this up by 
saying that liquids would flow perfectly if they possessed no 
viscosity. Those liquids which have little viscosity, or, what is 
the same thing, are very mobile liquids, are instanced by alcohol 
and water ; while treacle and tar have little mobiUty, but^re 
very viscous. Evidently, then, there is a gradation in those 
forms of matter which have as yet come before our notice. At 
one end we have very mobile liquids, which as the viscosity 
increases flow less and less easily, until at last there is no power 
of flowing at all, and we have the solid form of matter. 

Liquids flnd» their leveL — If several vessels of the moet 
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varied shapes (Fig. are in communication with one another, 
and water be poured ilito any one of thetii, we ^tall find that as 

soon as the water has 
come to rest it will stand 
at tl>e same level in all 
the \tubes, however 
different the form of the 
vessels may be. It is 
this property of liquids 
which is utilised in the 
construction of the water- 
level. This consists of a 
^horizontal tube connected 

Fig: 6.— Vessels of various sli»pes in communica- to a jsmall length at each 
tion. Water standing at same level in all. i i t mi ^ 

- en^i held vertically. The* 

upright portions of^ the tube are of glass, so that the level M 

the water in them may be easily seen. However the ai||iige- 

ment of tubes may be standingj the line joining the two alBl|pes 




g s be level. This * of freat service to surve^||^ anCb 
e who must be able to find a level line for the 
«©rvatioBS. , 

eoliiswieat# pressure equally in all 

will Jfeie desirable first to satisfy ourselves that liqui# 
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communicate pressure, and then try to u^^erstond the second 
part of the statement, that they commifnicate it equally in 


all directions. Imagine we have two cylinders in connection, 
as shown in Fig. 7. Into each cylinder fit a 
piston with a plate attached to the top. If 
we push one piston down, we notice that 
the other moves up. If we put a weight, say 
10 lbs., on to each piston, they will balance one 
another exactl}^, and there is no moveuient 
in either case. Each piston is pressed up- 
wards and downwards to an equal degree, 
and in consequence does not move at all. 

The experiment can be varied by making ' 
one cylinder horizontal, while the other re- hydrostatic 

inains vertical. Ii) this case, also, if we push pregsuro. The 

m the hoi'izontal piston we notice that the of the same size, 

upright piston rises in just the same manner upon^ the pis^ns 
as before, showing us that pressure is com- 
nmmcdted m different directions. Fig. 8 shows 
r rubber •ball pierced with small holes, and containing water, 
pn squeezing the ball it is easily seflfc^ that ])i*essure is com- 
j|mnicated by a liquid equally in all diRctions. 



Hydraulic press. — Reverting to the first example m the last 
paragraph, knd glancing at Fig. 7, suppose that thse |iurface of 

4 ^ the piston on the , right 

^ had been ti^ce as great 
\ other,* amF that, 

as before, weights' of 10 
| B|1 i lbs. had been placed upon 

each pi^n. *Thejr would 

f longer liilauce ; the 

right-hand w c would 
^ o r, be.pushed upwards, #nd 

^ to %riiig about a ba^nce 

*lvould be found necessary to piit 20 lbs. on the larger pftton. 


Similarly, had the right-hand piston been a hundred times larger, 
we |hould have to put 1,000 lbs. upon it tabring aboutli bajanca 
Th^ Upward force, then, is proportional to the extent of the ater* 
face of the piston. This prindple, which seems so different |r^ 
what we should naturally expect, istreferred to as 
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paradox, and is^ utilised in the hydraulic press, called, after its 
inventor, the Bramah press, which is sb^wn in Fig. 9. Here 

we have exactly the con- 
dition of things just de- 
scribed, two cylinders in 
connection, with pistons 
fitted into them, ojie much 
larger than the other. The 
application of a conipara- 
tively small force to the 
small one is felt on the 
larger one, and it is as 
many times greater in an 
upward direction as the' 
piston of B is larger in 
area than the piston in A. This great upward force is being 
used, iu the instance shown in the diagram to compress bales of 
wool. 

Liquids can be separated into drops which will run 
together again. — Liquids are able to form drops because of a 
property, known as cohesion, which they possess. The larger 
the drop which can be formed the greater is the cohesion 
between the particles of the liquid. 

Cohesion is the mutual attraction which the particles of a body 
exert upon one another ; it is, indeed, the force which keeps the 
particles of a substance together. Cohesion is strongest in 
solids, which in its absence would crumble into powder ; it 
acts between the particles of liquids, but in gases it may be said 
to be absent. 

Cohesion differs from another similar property possessed by 
some kinds of matter and known as adhesion.* Adhesion 
denotes the attraction between unlike particles of matter. A 
metal plate may be made to adhere to glass ; and a postage 
stamp may be said to exhibit the existence of the force of 
adKeeion when it is stuck upon an envelope. 

Experiment 4 iv. makes clear the difference between this 
ftdhasion exhibited between the postage stamp and the envelope 
and the force of cohesion. 

Obaractors of gases.— It has already been explained that the 
leading difference between^ a solid and a liquid is the power of 
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flowing which the latter possesses. Gases also •possess fluidity, 
and to a much more marked degree than liquids. But whereas 
liquids are almost incompressible, gases ai*e very easily com- 
pressed into a much smaller space according to a definite 
law, viz., just in that ratio in which you increase the pressure 
on a gas do you decrease the volume which it occupies, the 
temperature letiiaining the same throughout the process. 
Nor are these the only differences. A liquid always adapts 
itself to the shape of the containing vessel, and presents a level 
surface ; a gas, on the other hand, will, however small its 
volume, immediately spread out and do its best to fill a vessel, 
however large ; and it does not present any surface to the sur- 
rounding air. We can never say exactly whei*e the gas leaves 
off and the air begins. Another distinction will be more fully 
appreciated after we have considered the action of heat upon 
the volume of bodies. We shall learn that, generally speaking, 
all bodies become larger as they are heated ; this is very much 
more decidedly the cjase with gases than with liquids. Oases, 
then, are easily compressible and expand indefinitely. 

We shall learn that gases expand equally when heated to 
the same extent, but this fact and others will be much better 
understood in their proper places. 


5. MATTER CANNOT BE DESTROYED. 

1 Weight of water and steam.— Boil water in a flask or a retort, 
as in Fig. 236, and catch the condensed steam, taking care that none 
escapes, in another flask kept cool by resting in water. The w^ater 
thus collected will bo found to have the same weight as that 
boiled away. 

it Weight of ice and water. — Place a piece of ice in a flask sus- 
pended from one arm of a balance. Counterpoise the flask with 
the ice in it ; then melt the ice by warming the flask, and show 
that the counterpoise is unaltered. 

ili. Weight of salt after dissolving. — Put some warm water in a 
flask and some salt in a piece of paper. Countei^oise the flask of 
water and the paper of salt together and then dissolve the salt in 
the water. The total weight remains unaltered. 

iv. A burning candle produces moisture. — Over a burning candle 
hold a white glass bottle which has been carefully dried inside and 
out. Observe that the inside of the bottle becomes covered with 
mist and after a shorf time drcms of liquid are formed which run 
down the sides of the bottle. 'The hnming of the candle ha$ 
in ike production of a new form of matter. 
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V. A burning candle produces a gas. — Allow the candle to bum in 
a similar bottle placed on the table. After a time the candle ceases 
to bum. When this has happened take the candle out and cover 
the bottle over with a glass plate. Notice that no change seems to 
have taken place in the gas which filled the bottle. Now pour 
some clear lime-water into another clean bottle and shake it up, 
the lime-water remains almost if not quite clear. Lift off the glass 

E late and do the same with the bottle in which the candle has been 
urnt ; the lime-water becomes milky. The burning of the candle has 
also resulted in the formation of a new kind of matter^ riz., a gas 
which causes clear lime-water to become cloudy. 

Constancy of weight in different states. —When a solid 
is converted into a liquid, or a liquid into a vapour, no change 
of weight is experienced. This has been found to be true in all 
cases. 

No kind of matter can be destroyed.— There is a certain 
fixed amount of matter in tlie universe which never gets any less 
and never any greater. If we confine our attention to the earth, 
we cannot say that it never receives an additioji to the matter of 
which it is built, for every year it is receiving numbers of small 
solid bodies which are continually falling upon its suiface from 
outside space. But the proposition means that in those cases in 
which it is popularly supposed there is a loss of matter, for 
instance when a fire burns out, no such destruction has taken 
place, but only a change in the form assumed by the matter. 
It will make the statement quite clear if we follow out what 
really takes place when a caiidle burns, and, as it would seem, 
gradually disappears. 

When a candle burns it ceases to exist as tallow or wax, 
or whatever the candle is made of, and assumes new forms, 
still material, one liquid, the other a gas which makes lime-water 
became milky. If we weigh all the liquid formed and all the 
gas which renders lime-water milky, we find that the weight of 
these two things together is actually more than that of the part 
of the candle which has disappeared. The reason why there is 
an increase of weight will be explained later. The arrangement 
for performing this experiment is shown in Fig. 10. The candle 
is. burned in a wide tube, fitted with a cork at the bottom with 
bjte in it to allow the air, which is necessarj^^to help the candle 
to pass in as shown by the bent arrows. The tube is 
■IlllJtth a substance which has the power of arresting the 
the - burning. Buch a substance "is caustic soda, 
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which is used in the form of lumps. Before the experiment is 

started, the apparatus is weighed! After the candle has burnt 

for a few minutes, it will ^ ^ || 

be found that the tube has 

increased in weight. We / \ 

are quite sure, therefore, / \ 

that there has been no loss 

of matter. 

Similar experiments to 
these with candles may be 
also carried out with ordi- 
nary lamp oil or petroleum. 

The same two substances UWm 

are produced as th6 re- 

suit of the burning, and 

the same proportion of air 

is used up. Replacing the a 

lamp glass and candle by 

Chemists have” sat^fi^ 
themselves that this fact is • -- -i 

universally true, and it 

must be remembered as a truth of the highest importance, 

matter Is indestructible, ^ 


CHIEF i^^INTS OF OHAPTEB I 

Matter. — When we speak of matter we mean all things which 
exist in or out oA)ur world, which we can become aware of by the 
help of our senses. 

Properties are certain eflFects caused by the things which are said 
to possess them. 

Properties possessed by matter.— Matter occupies space, o^ers 
resistance, possesses weight, and transfers motion to other things 
when it striaes against them. 

The same matteiican exist in three diffierent 
states of mat'ter are the solid, li(|uid and gaseous. ^ 
means, as in the experiments described in the chapter^ 
portion of matter pan be made to' assume these states lA!lip|w 
'Sometimes the change from one state to another is • 

X.8. I. B 
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times sudden. There is no hard and fast line between the three 
conditions of matter. 

Distinctive characters of solids.— A solid body does not readily 
alter its size and shape. It will keep its own volume and the same 
form unless subjected to a considerable force. Or, solids possess 
rigidity. Solids communicate pressure in one direction only. 

Solids possess elasticity, tenacity, ductility and hardness. 

Elasticity is the tendency to go back to the original form or volume 
after being forced out of it. 

Tenacity is measured by ascertaining what weight is necessary to 
break solids when in the form of wires. 

Ductility is the property by virtue of which solids can be made 
into wires. 

Malleability is a similar property to ductility which enables 
certain solids to be beaten out into sheets. 

Hardness is the property by virtue of which solids offer resistance 
to being scratched or worn by others. 

Distinctive characters of liquids. — A liquid adapts itself to the 
shape of the vessel containing it, but the conditions remaining the 
same, it keeps its own size or volume, however much its shape may 
vary. 

liquids possess fluidity. — When a liquid is not held by the sides 
of a vessel, it at once ffows. This power of flowing is not perfect in 
liquids, or liquids are not perfectly mobile. They all possess a 
certain degree of mscosity. 

Other properties of liquids. — They find their level. Tliey com> 
munioate pressure equally in all directions. They can be separated 
into drops which will run together again. 

Distinctive characters of gases.— They possess fluidity to a much 
more marked degree than liquids. Unlike liquids they can easily 
be compressed into a much smaller space. A gas, however small its 
volume, will spread out and do its best to fill a vessel, however 
large. Expressed shortly, gases are easily compressible and expand 
indefinitely. 

Constancy of weight in different states.— When a solid is converted 
into a liquid, .or a liquid into a vapour, no change of weight is 
experienced. 

Matter is indestrucUhle.— There is a certain fixed amount of 
matter in the universe which never becomes any less and never any 
greater. Whatever changes may occur in the composition of matter 
there is never any loss of w^eight. 


QUESTIONS ON CHAPTER I 

1, What do you understand by “matter,” or, a “material 
thing ” ? 

2. Give some of the properties which are possessed by all kinds 
of matter and explain in your own words what is meant by a 
poperty. 
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3. Describe experiments which prove : — 

(a) That solids are porous. 

(h) That liquids contain pores. 

4. What experiment could you perform to show that a solid, say 
a billiard ball, is elastic? Explain as well as you can what you 
mean by elasticity. 

5. The same portion of matter can, under suitable conditions, 

assume different states. Describe fully some experiment which 
illustrates this statement. ' 

6. What evidence can you give that the different states of matter 
gradually shade into one another ? 

7. Wliat proi)erties are generally associated with matter in the 
solid form ? Give a definition of a solid which includes the chief of 
these. 

8. In what respects are liquids different from solids ? 

9. How do gases and liquids differ ? 

10. What property in particular is possessed by liqviids and not 
by solids ? And what character has a gas which neither liquids nor 
solids possess ? 

11. What property is it which liquids possess which enables them 
to form drops ? Describe another experiment which also shows the 
possession or this property by liquids. 

12. Give in the form of a definition the distinctive properties of a 
liquid What name do we give to the propeity which prevents 
liquids from being perfectly fluid and what do you know about it ? 

13. Describe experiments in support of the assertion that liquids 
communicate pressure equally in all directions. 

14. What is meant by the “hydrostatic paradox”? Describe 
some useful apparatus in which this principle is utilised. 

15. How would you show by experiment that the weight of the 
same portion of matter in different states is constant ? 

16. On what grounds is the assertion based that “ Matter is 
indestructible ” ? 
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MEASUREMENT OF SPACE. 


6. LENGTH. 

1 Simple measurements. — 0))tain a rule divided into inches and 
eighths or sixteenths of an inch on one edge, and tenths on the 
other edge. Measure the length, or width, of any convenient 
object, such as the top of a table or desk. Write down the length 
in feet, inches, and fractions of an inch, thus : 

Width of desk, 2 feet, 3g inches. 

Length of sheet of foolscap paper, 1 foot, IJ inches. 

ii. Decimal fractions. — Look at the part of a rule having inches 
divided into tenths. How many tenths are there in half an inch ? 
The tenths of an inch can be written like common fractions, for 
instance, signifies one- tenth, and means three- tenths. A 
more convenient way is to separate the inches from the tenths by 
means of a dot. Thus, a length of in. is written on this Decimal 
System as 6 '3. I’lie two ways of writing tenths in common and 
decimal fractions may be compared as follows : 

* A At A A A A A A H 

SS} ® ® ^ 

iil. Measurements in tenths. — Measure one or two small objects 
as before, using the part of your rule divided into inches and tenths. 
Write down the number of inches and tenths ; thus, length of a new 
lead pencil, 7*1 inches. 

Iv. Metric measures of length. — (a) Look at a rule divided into 
inches and parts of an inch on one edge, and metric measures on tlie 
other, as in Fig. 11. The smallest divisions upon the metric scale are 
mUlimetrea (w?u. ) ; 10 of these millimetres make 1 centimetre (cm , ), 
10 centimetres make a decimetre (dm.)y and 10 decimetres make 
1 metre, A metre thus contains 10 decimetres, 100 centimetres, and 
1000 millimetres. 
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(b) Find how many millimetres there are in tl^e length of this 
page. Write down the result in (1) millimetres, (2) centimetres 
and tenths of a centimetre, (3) decimetre and tenths and hundredths 
of a decimetre. 



Fio. 11 —A rulor showing Inches and tenths, Centimetres and Millimetres. 


V. Relation between Metric and British measures of length.— 

(a) Measure the length of this page both in inches and centimetres ; 
also determine other lengths in the two systems of measurement. 

Put down the results m parallel columns, as shown bcloWf and 
from them calculate the number of centimetres in an inch. 


Length in centimetres. 

Length in inches. 

No. of centimetres. 
No. of Inches. 





(h) Upon the hack of an ordinary tape measure, mark off a length 
equal to 100 centimetres, that is, 1 metre, starting from the point 
where the inches begin on the other side. Prick a hole through the 
measure at the point where you mark the length of a metre, then 
turn over the measure and notice where the hole occurs on the inch. 

scale. Numlier t)f inches in one metre =39 *3. 

Number of centimetres in one yard = 91 *4. 

British measures of length. — To secure uniformity, and 
provide a permanent length with which others may be compared 
if necessary, a standard of length has to be agreed upon, and 
this has been described as follows in a publication of the 
Standards Department of the Board of Trade : In the 
Imperial B 3 rstem of measures the yard is the unit of 
an^ from this measure are derived all other iuiiiiiiiq^i|||r|f 
extension based on that system, whether linear, supe)i||HK^ 
solid. It is represented by the distance between two 
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traced on a mptal bar wliicli is deposited with the Board of 
Trade. This bar is made of bronze or gun metal ; it is 38 
inehes long, and one square inch in section, the defining lines 
being traced on gold plugs or pins inserted at the bottom of a 
cylindrical hole near to each end of the bar.” 

Metric measures of length. — When new standards of 
measurement were being considered in France, in 1795, French 
geometricians decided that an arbitrary standard such as our 
yard, in view of the chance of its loss or destruction, was an 
undesirable one, and they suggested that if a fraction of the 
circumference of the earth were taken, it would be possible 
in the event of the loss of the standaid, to replace it by an 
exact copy. They proposed the one ten-millionth part of the 
distance from the earth’s equator to the pole — that is, of the 
earth’s quadrant — as a suitable length, and this they called the 
metre. After bars had been prepared of this length it was 
unf()rtunately found that the length of the quadrant had not 
been exactly determined, and consequently the length of the 
standard metre at Sevres is arbitrary. An exact copy of this 
standard is kept in this country ; and for our purposes the 
metre may be defined as “the length, at the temperature of 
0° C., of the iridio-platinum bar, numbered 16, deposited with 
the Board of Trade.” It is equal to 39*37079 inches, or briefly, 
3 feet 3*3 inches. The metre is subdivided into ten equal parts, 
each of which is called a decimetre ; the tenth part of the 
decimetre is called a centimetre, and the tenth part of the 
centimetre is known as a millimetre. Thus, we get 
10 millimetres =1 centimetre 


10 centimetres! , , . 

100 raillimotre8l = l ‘iecimetre 

10 decimetres ! 

ICX) centimetres |- = 1 metre 
1000 millimetres J 

The multiples of the metre are named deka-, hekto-, and 
3dilo*metre& Their value is seen from the following table ; 

10 metres =1 dekametre 
100 metres =1 hektometre 
10(X) metres = 1 kilometre 

The kilometre is equal to about five-eighths of a mile, or eight 
kilpuietrea are equal to fivetmiles. 
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7. AREA. 

i. Square inches.— Mark off len^^ths an inch apart from one corner 
along the bottom edge of a page of your exercise book', or of a sheet 
of paper. Draw lines straight up the page from each of these 
marks perpendicular to the edge of the paper. From the same corner 
mark otf lengths of inches on the side edge of your paper, and draw 
lines across the paper parallel to the bottom edge. You will thus 
divide the paper into stpiare inches. Count how many square 
inches there are in one row, neglecting the parts of a square inch 
which may happen to be over at the end, and then count the 
number of rows. By multiplying these two numbers together, you 
will evidently obtain the total number of square inches. 

ii. Length and width.— Draw an oblong 4 inches in length, and 
3 inches in width or height, and divide it into square inches as 
before. Notice that the numlier of square inches is equal to the 
length multiplied by the height. 

lii. Rule for areas of oblongn^. — The preceding exercises have 
shown that, to find the area of a square or an oblong,* it is only 
necessary to multiply the length of the bottom or base by the 
height. , ^ 

iv. Square inch and square centimetre. — (a) Draw two rectangles 
and determine their areas both in square inches and square centi- 
metres ; use your results to find the number of square centimetres 
in one square inch, thus : 


Area of a g-ivon rectangle 

Area of same rectangle 

Square centimotres. 

in 8(iuare inches. 

in square centimetres. 

Square inches. 


A - 



(/>) Draw a square inch and divide it up into square centimetres 
as shown in Fig. 12. Notice that it takes about six and a quarter 
square centimetres to make one scjuare inch. 



Fio. 12.— Square inch 
divided into squarecenti* 
metres. 


Measurement of area,-— If the floor 
of a room had to be carpeted, it would 
not be enough to measure the length of 
the room only, or its width only, because 
both of these are measures of length. 
To know how much carpet is necessary, 
the amount of surface the floor has, or 
f its area must be found. To do this, both 
the length and width of the floor must 
be m^ured,* and if the room is sqtiarer 
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or oblong, tbe^ area can be found by multiplying the two 
numbers together. When the length and width are measured 
in feet, then, by multiplying them together, the area of thel 
floor in square feet is obtained;, when the measurements 
of the length and width are taken in inches, the area in 
square inches is obtained by multiplying the two numbers 
together. 

Whenever areas are measur^,in this country, square inches, 
sqtiare square miles, or some other unit frqm square 



Flo. IS. "-This represents a square yard on a smaU soalo. Sach small 
square represents a square inch, ana the largo squares hounded by thick 
r^esent square feet. « ^ 

measure is employed. "SqnaA measure” is obtained from 
long measure ” by multiplying. Thus, as there are 12 inches 
in a foot, there are 12 x 12 square inches in a square foot. This 
will be understood by examining Fig. 13. Each of the large 
squares bounded by thick lines represents a square foot, but it 
is of ooultee smaller t^han a real square foot. 
tl| metric system also it is the custom to refer to an area 
mmy centimetres, or square metres, as cam 
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Fig. 14 hLow.s, on a scale giving one-quarter tJie actual area, 

n .-icinare deci metre di- 


m 






B 

fl 

B 

9 

B 






B 

B 

fl 

B 

B 






B 

B 

B 

B 

N 






B 

B 

B 

1 

B 






B 

B 

B 

i 

B 






B 

B 

B 

B 

P 






fl 

B 

B 

B 

B 






B 

m 

B 

■ 

B 






B 

i 



Ib 

B 

a 

B 

B 

8 

B 

B 

8 

8 


vided into s(]uare cen- 
timetres. The area, 
as drawn, being onfe- 
quarter of a decimetre, 
the length of each side 
is luilf a decimetre or 
live centimetres. 


8. VOLUME. 


Fit!, 14.- -Method of dividiiis: a square d&imetro 
into siiuare centimetros. 


i. Cubic inch. — Obtain 
a bar of soaf), and cut 
one end so that it is 
s(juaie will) two sides. 
From oiKi eornci’, where 
tlie end and thes«‘ two 
fac(*s nu^et, mark •oil* the 
length an in(*h 
liu‘ t li.'cc ' (loes. 


*h f'oiig 
Soi'otxm 


a line along tlie soaj) from (‘acii of tli(‘ points thus uhtaimal, and 


square with the edgcc Vnu will then liave three Sipiare inches 



i How to mark and cut out a cubic inch or cubic cont^iietre from 
a piece of soaf>. 
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marked upon Hm' By cutting (1(X‘|) along these lines acviUe f)f 

soap having (‘auli ot its esdgi^s an inch in length, and each ot its taees 
a sctiian' inch in area, is oldained. Tins is a (Uibic inch {Big. lo)- 

1\) test whether your (uibie ijieh is true it could he eoinpared 
with one of the wooden eailu's sold for kindergarten teaching. 

ii. Cubic centimetre. — Using soa.|>, cheese, elay, ur similar material 
as before, cut one (>nd s<[nai<‘ with the fae(‘s, amd then mark of! a 
length of one cent i metre along tln e(‘ e<lges nn'eting one corner. 
Sei-at(;l) lines from (‘a(;h of tluise ]>oi]its so as t-o mark three scjuare 
centirnc'tres uixm the material used, .and tlien ( ut along tin* lines to 
obtain one (•uliic centimetre, as in tire jneN ions exercise. C/ompare 
this cube with the culrie inch. If yo\i lia\'c time and material, cut 
a rod of plastic substama* sixteen cmitirnetrH'S long and one stpiare 
(a'litimetre at* (inch end. Uivide this into sixt(ieii cubic' centimetres, 
and tlieii show t hat the cul>e! made by pressing these together is 
of about the sanK> size' as a cubic inch. 

iii. Standard capacity boxes. — {^/) (kit out cjf cardboard aljgure of 
the shape shownnv Fig. 1(5, and of th<^ size indicated by the numbers. 



Fiu, n;.— Construetion of a 1h>.v to liuld i (■tiiMi' jc riojctrc, tliat is, 1 litre. 

(hit the eardlioard iialf way through at the dotted lines. ;uid llieii 
b»m<l it to for in a, eubical box. Bind the cxlges together with glued 
tape, and 'Mriiisli the box inisde and out to make it wateitigiti. 
This box will hold one cubic di'eirnetre of liquid, and, this capacity 
is (*alled one litre. 

(b) IVlake a similar box having sides one imdi in length, so that 
it will hold one mihie incln Also, if time jieianits, make a box to 
hold one cubic centimetre. 
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iv. Cubic inch and cubic foot. — Proeiin* titSnx or a l)loek ono enhio 
foot in size. Divide the top and the otiua- fatass ?)t tii<‘ eiihe into 

squan; iiielies (l^’ig. IT). Notice 
that tile of eaeli face of 

the cvihic foot is one square 
foot. (T)uiil tlu‘ mniilicr (>1 
s((uar(^ inches niaikcd on oiu' 
fa(;e. Notiee tliat 114 cui>ie 
inehes couhl he cut out ol a 
skill of tln^ (riihe oiu* iucl) thick. 
How iiianv slabs funing a 
thi('kn<*ss of oia- iiicli could f>i‘ 
cut froin one (*uhic foot, and 
Imw many cidiic inches are 
th(a‘<‘ altogi'thor in such a 
cuIk‘ ? 

Fic, 1 7 — To .show tlic relation between 1 CUbiC CGUtliniCtrc Und 

cubic inch and 1 cui>ic foot. Cl bic decimetre. — Using a 

hhude tuH' c-rd)jc decimetre in 
size, divide the top and faces into sqiiaiv (^il iinetrcs. How many 
sijiiarc (amtimcti’cs arc therein each face? 'How many cuhic centi- 
nnvtiacs are tlieri' in a slah om^ e.entimelrr Hiic k ? .How niar/y ouhic 
centimetres go to make one cubic detti metre? (Fig. IS). 




t'rc. !s.— To show tiiu relation between 1 cubic ceiitiinctrc and 1 eulae 

dociractre. 


vl. Fluid measure. — Obtain a halfqiint gradua/ttal glass nnaasurrs 
such as is used liy photogi'aphers : obtain also a. snifdb r onelldg. 21). 
Examine the divisions upon them : tin y r<*pr(\sent llviid ounet B, or 
parts of a fluid ounce, in Apotlu'earies' measure. 

vii. Graduated measuring jar. (/// Ofit-ain a jar cr uhiaind into 
cuhie eenti metres, like that in Fig. 19. Test tlic a- -auaey of your 
cuhio decimetre box by })ouring KMK) euliio centimeties of wat»M, as 
measiu'ed by t.iie graduated jar, into the box, and noticing whether 
the water just tills the box. 
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BURETTE 


vUi Relation between Britieb and metric measures of capacity.— 

(a) Use graduated jars to determine : (1) The number of cub. cms. 
in 1 fluid ounce ; 

(2) the number of 
ounces and drachms 
in 100 cul). cms. ; 

(3) the number of 
ounces and drachms 
in 1000 cub. cms. 

(h) Fill a meas- 
ure up to the half- 
pint mark with 
water. Pour the 
water into the me- 
tric graduated jar, 
and so And the num- 
ber of centimetres 
in a half -pint. Re- 
peat the operation, 
so as to deterinine 
the number of cubic 
centinu^tres in one 
pint. 

(c) Pour 1000 c. 0 ., 
that is, 1 litre, of 
water into a vessel. 

Then measure this 
amount of liquid in 
pints, so as to fini| 
the value of lOOB 
C.O. in British meas- 



J83to. 19.— Graduated nieafiiiring vessels. 

ix. Ij^umeif' solids determined by displacement.— (a) Fill a 

me^c measuring jar about half way up with water. Notice 


th4 level. 


Hold a cubic inch of wood in the water by means of a 
long pin. Notice 'the rise of level. The 
difference between the two levels evi- 
dently represents the number of cubic 
centimetres equal to one cubic inch. 

(6) Determine the volume of a stone 
or any irre^lar solid by observing the 
difierenoe of level when it is immersed 
in water (Fig. 20), 

X. Burette. — Examine a burette (Fig. 
20). Notice that the divisions are num- 
bered fi'om the top downwards. Fix the 
bmrette upright in a clamp, and al>out 
half fill it With water. Notice the level. 
Find the volume of a stick of slat© pencil 
by gently lowering it into the water and 
noticing the rise of level product, (The 
course, b© completely immersed in water,) 



20. -The rise of Wvel 
of the water when the stone 
n put in (^ows the volume ol 
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Measurement of volume.— The volume of a thing; is its size, 
or bulk, expi'essed in proper units. In dealing wjstfc volumes, 
three dimensions have to be consi Just as a^ane surface 

or area measui'ing one foot in each of the direction's — length and 
breadth — is called a squall footr from the name of the tiguj^e 
which it forms, so a solid wdii^h is obtained by measuring afoot 
in three directions— length, Dreadth, and thickness — is called a 
cubiA foot, from the name cube givcm to the solid so formed. 
Similarly using the Metric system,' w^e may speak of a cu^iil 
metre, or a cubic decimetre. 



['!(.. Cl. — Glasses p^raduatea for British fluid itieasure. 


' n ^ 

A hollow^ vessel is ca])able of bolding a certain volume, and 
this is usually referred to as tbe capacity of the vessel. In 6ie 
metric system a special name is given to the capacity of a hollow 
cubic decimetre, tliat is, a hollow cube having a decimetre edge, 
it is called a litre, and is equal to about one and three-quarters 
English pints. The sub-multiples and multiples of a litre are 
named in a similar way to those of the metre. There is no sutrh 
simple relation between the measures of length and volume in 
the English system, though the gallon is defined as a measure 
which contains 10 lbs. of pure w^ater at a certain temperature 
and pressure. A gallon has a volume of 277:^: cubic inches. 

In measuring the volumes of irregular solids, advantage is 
usually taken of the fact that when immersed in a fluid they 
displace a volume of fluid equal to their own volume. Thii? Jnmy 
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be measured as a difference of level (Fig. 20). The water dis- 
placed could also be poured into a cubic inch box or into a cubic 
centimetre box, and the number of cubic inches or cubic centi- 
metres could be thus found. Or, we could get a glass measure 
having cubic inches or cubic centimetres marked upon it, and 
pour the displaced water into it. But the best plan of all is to 
use a vessel having cubic centimetres marked upon it. Water 
can be put in such a vessel up to a certain mark, and the 
number of cubic centimetres of water displaced by the solid can 
be seen at once by noticing the number of divisions between the 
levels of the water before and after the solid is put in. 


CHIEF POINTS OP CHAPTER II. 


Measurement of len^U. — In estimating lengths, a standard, or 
unit, of length is ni^eessary. 

Tlje Uritinh ntandard of length is the Jm/perial fitandard yard. It 
may be defined as “the length, at 62° F., marked on a bronze bar 
deposited with the Hoard of Trade.” 

The yard is divided into throe equal parts, each called d^foot. A 
foot is divided into twelve equal parts, each called an inch. 

The Metric 8tand(xrd of length is called a mefy'e. In the metric 
system all measures are connected with one another by tens or 
tenths. 

The m(3tre is divided into ten equal parts called decimetres^ each 
of which is again divided into ten equal y)artH called centimetres^ 
and these in turn are divided into ten equal parts called Tnitlimetres. 

A length wliich contains exactly 10 metres is called a dekametre, 
one which just contains 10 dekametres, or 1(K) metres, is called a 
hektometre, and one which is exactly 1000 times as long as a metre 
is called a kilometre. 

Measurement of area. — To estimate area, or surface, it is necessary 
to measure in two directions, i.c. to find the length and breadth of 
thcrsurfaoe. 

By multiplying together the length and breadth of a square or an 
oblong we obtain its area. 

The expressions for area are obtained by prefixing the word 
sq^re to the corresponding unit of length thus : s4uare millimetre, 
square centimetre, etc. 

A square centimetre is not xJtr of a square metre but xJir XTiTr = 


iT.Va 

Cubic measure. — The volume of a solid is its size, or the amount of 
room it takes up, or the »pace it occujdes. 

The volume of a rectangular solid is obtained by multiplying 
together the length, breadth, and thickness, the measurements 
bemg at right angles to one a/iother. 
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Metric Measures of Length and Capacity. 


Fractions 



and 

Length, 

Capacity. 

Multiploa. 



tAtf 

Millimetre 

Milli -litre 

T^lS 

Centi- metre 

Cenii-litre 


Deci- metre 

Deci -litre 

1 

Metre 1 

Litre 

10 

Dcka-metre 

T)cka-litre 

100 

Hekto-metre 

ITt'kto-litre 

1(X)0 

Kilo- metre 

Kilo-litre 


British and Metric Equivalents. 


1 inch = about 2 J con ti metres. 
1 foot = ,, 3 decimetres. 

1 yard =: ,, ^^^5 metre. 

1 mile = ,, IJ kilometre. 

1 gallon = ,, 4i litres. 


1 cm. = about f in. 

1 dm. = ,, 4 in. 

1 m. ^ „ 3 ft. 3J in. 

1 km. § mile. 

1 litre = ,, 1 ^ pints. 


EXERCISES ON CHAPTER II. 

1 . Multiply 10*4 square centimetres by 15*5 decimetres, and state 
the result both in cubic centimetre's and in litres. 

If the volume in question wei*e filled with water at 4“ C., what 
would the weight of the water be ? 

2. What is the cubical content, in litres, of a box of which the 
inside dimensions are as follows : length 25 centimetres, breadth 12 
centimetres, and depth 8 centimetres? What is the weight in 
kilograms of the water it would hold ? 

3. One pint is equal to 34*7 cubic inches, and 1 inch is equal to 
2*54 centimiitros. How many pints are there in 1000 cubic centi- 
metres ? 

What is the name given to a volume of 1000 cubic centimetres ? 

4. How would you determine the volume of a pebble in cubic 
centimetres ? 

5. Explain how the metric units of volume and length are related. 
Is there any such simple relation in the case of British units ? 

6 . What is meant by a unit of length, and why is it necessary to, 
have such a unit ? 

7. Give particulars of the units of length in use in this country 
and on the Continent, and give your opinion as to whether one 
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the units you give is more convenient than the others^ and if so, 
why? 

9. Express (a) a millimetre as a decimal of a centimetre, (h) as a 
decimal of a deoimt^tre. 

10. What fraction is (a) 1 millimetre of 1 inch, (h) 1 decimetre of 
I foot, (c) 1 centimetre of 1 inch ? 

11. If 25 millimetres are equal to one inch, how many sq. milli- 
metres make I sq. inch ? 



CHAPTER III 

UNITS OF TIME. 

9. UNITS OF TIME. 

i. A pendulum. — Attach a weight to the end of a cord. Fix the 
cord in such a way that the jiendulum can oscillate freely. Set 
it oscillating, and notice how long it takes for the pendulum to 
complete a given mimher, say twelve, swings. Keeping the cord 
exactly the same length, attach a heavier weight and repeat, the 
experiment. The time of swing remains unaltered. Keeping any 
one weight, observe the time taken to complete twelve swings 
when the length of the coixi is vari(‘d. It will Vie seen that the 
time of swing varies with tlu5 length of the cord. Notice also that 
it does not matter whether the pendulum makes a wide oscillation 
or a very small one, the time taken iKiing the same in each case. 

ii. The sun-dial. — Fasten a small rod at right angles to a flat 
board. Place the board fiat on a table sf) that the txkI is vertical. 
Move a candle in a semicircle above the table, and note the change 
in the angk? made by tht5 shadow of the rod. Compare the 
conditions of the experiment with the measurement of the solar 
day by means of a sun-dial. 

The earth’s rotation. ~ The apparent daily motion of the 
sun and stars across the sky is a direct consequence of the 
earth’s rotation on its axis. The sun appears to go regularly 
through certain periodic changes of position. It rises, travels 
higher and higher into the sky, reaches its highest position, 
sinks lower and lower, and finally sets. When the sun is at 
its highest altitude on any day it is due south, and is said to 
south 01* be southing. The interval of time between the 
‘ reaching its highest position on any one day and iti 
spending position on tVie next succeeding day is an 
solar day. These apparent solar days vary in length 
the year. 

L.S. I. 


c 
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Mean solar day. — As the length of days measured by the 
sun varies throughout the year, no single one of these days will 
do for a convenient standard of time. But if the lengths of all 
the days in tlie year be added together, or the length of a year 
measured by the sun be divided by the number of days in the 
year, we obtain an interval of time which is always the same. 
Such a day, which is of course an imaginaiy period of time, is 
called a mean solar day. Sometimes the mean solar day is 
longer than the solar day, sometimes it is shor ter, and occa- 
sionally both days are of exactly the same length. Solar time 
is known as apparent time, and clock time as mean time. 

Sidereal day. — Just as in the case of the sun so with all the 
stars ; they rise, south, and set. But whereas with the sun the 
interval between two successive soutliings varies throughout 
the year, it is found that the time which elapses between two 
succeeding southings of a star at any season of the year is 
always the same. This interval constitutes a star or sidereal 
day.. • 

Period of rotation of the earth.— As the apparent motions 
of stars across the sky are pi'oduced by the rotation of the earth, 
it will be evident that the exact time of rotation can be deter- 
mined by finding the interval which elapses between two 
successive returns of any particular star to the same point of 
the sky. A star may, indeed, be regarded as a fixed reference 
mark under which the eaith turns ; so that by observing 
it we are able to determine the time taken by the earth to 
spin round once. The interval between two successive transits 
of the same star, or, as it is called, a sidereal day, is the time of 
such rotation. 

No matter which star be selected for observation the interval 
is the’^ same, thus showing that the earth is a rigid body, and 
that all parts of its surhice have the same angular velocity. 

Units of time. — The sidereal day, like the mean solar day, is 
subdivided into hours, minutes, and seconds, but as the latter is 
four minutes longer than the former, the units are not of the 
skme value. We may tako either the mean solar second as the 
unit of time, or the sidereal second. In the former case the unit 
is founded on the average length of the solar day, and in the 
lattei’ upon the length of the invariable stjar-day, or the time of 
rotation of the earth ujx>n its axis. But in either case the 
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second, that is, the unit of time, is the 86,400th part of the day 
used. 

In physical measurements the unit of time adopted is the 
mean solar second, that is, it is founded on the average time 
required by the earth to make one complete rotation on its axis 
relatively to the sun considered as a fixed point of reference. 

Instruments for measuring time.—We need only concern 
ourselves with the modern contrivances for measuring time, 
viz., clocks and watches. It will be sufficient to regard these as 
instruments for measuring intervals of time in terms of the 
mean solar day to which attention has been directed. In a 
clock the rate is regulated by means of the pendulum. The 
chief property of which is the constant time of oscillation at 
the same place. 

If it were possible for* the student to perform the experiment, 
it would be found that the time taken for the pendulum to 
swing backwards and forwards varies as it is taken from the 
equator to the poles, on account of the fact that the earth is not 
exactly spherical in shape. Or, putting the same fact in another 
way, in order that a pendulum may swing backwards and for- 
wards in the same interval of time, it is necessary to alter the 
length of the cord in our experiment as we travel fiom the 
equator towards either pole. A pendulum of such length that 
the distance from the point of suspension to the centi'e of the 
bob is 39T39 inches, swinging at Greenwich, completes one 
swing in a second of time. In a clock we have a mechanical 
contrivance for maintaining the swinging of a pendulum. We 
must content ourselves with referring the reader to books on 
asti‘onomy and horology for an account of the construction of 
a clock. In watches the place of the pendulum is taken by a 
carefully suspended balance wheel. 


CHIEF POINTS OP OHAPTEE III. 

The BOlfur day is the interval of time between the sun’s reaching 
its highest position on any one day and its conesponding positidW' 
on the next succeeding day. 

The mean solar day is the quotient obtained by dlvidll^ 
length of the year measured by the sun by the number 
in the year. Or, it is the average of the lengths of all iho 
days in the year. 
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A star or si<ler«ial day is of constant length. It is the interval of 
time between tv?t) succeeding southings of a star at any season of 
the year. 

The period of rotation of the earth. — As the apparent motions of 
the stars across the sky are produced by the rotation of the earth, 
the exact time of rotation is determined by ascertaining the length 
of the sidereal day. 

Units of time. — In physical measurements the unit of time adopted 
is the mean solar second, that is, it is founded on the average time 
required by the earth to make one complete rotation on its kxis 
relatively to the sun considered as a fixed point of reference. 


QUESTIONS ON CHAPTER III. 

1. What is the difference between a solar day and a mean solar 
day? 

2. Define a sidereal day and explain how it differs from a solar 
day. 

3. What is the common unit of time ? How is it related to the 
period of the earth’s rotation ? 

4. Give a brief description of some mechanism in common use for 
measuring time. 



CHAPTER IV. 


MOTION ; INERTIA ; FORCE ; NEWTON’S LAWS. 

10. MOTION AND VELOCITY. 

1. Motion. — Place a number of marbles in a tray. Disturb, them 
by shaking the tray, or in any other way : they all acquire motion, 
but move in various directions, and at difFerent rates, 

U. Speed. — Shoot a marble along a table, or let it run round the rim 
of a tray. The marble tiuvels with a certain speed or rate of motion, 
and it may be given this speed in any direction. 

ill. Velocity. —Bowl a marble along a table in a definite direction, 
and observe as nearly as possible the number of seconds taken to 
perform the jouniey. The distance in feet thus traversed, divided 
by the number of seconds occupied in traversing it, gives the average 
rate of motion in feet per second. The velocity of a body is its rate 
of motion in a definite direction. 

iv. Uniform velocity.— Make several lines crosswise on a long table 
at a distance of one foot apart. Push a cylinder or marble along 
the table at such a rate that the length from one line to the next is 
traversed in one second. The velocity of the object is thus one foot 
per second and is uniform during the movement. 

V. Variable velocity.— Shoot a marble or roll a cylinder along the 
table with the marks upon it, and notice the number of seconds 
taken in passing from the first to the last mark. In this case the 
same total distance is traversed as before, but the velocity is variable, 
that is, the body does not move through equal spacer in equal 
times throughout its movement as it is gradually coming to rest. If 
a length of 8 feet is traversed in 4 seconds, what is the average 
velocity ? 

Vi arapMc representaticni of velocity, —(a) Taking a line an 
long to represent a velocity of one foot per second, draW^ 
representing velocitiep of 2J, 4, and 1 J feet per second, mallpg 
the lengths of the lines proportional to the rates of motion. 

(6) Draw a line to represent the ve^Kjity of a river flowing at ^10 
rate of 2 miles an hour. Suppose a man who can row 6 milei nil 
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hour in still water to be rowing in this river. Draw lines to repre- 
sent his velocity with reference to the bank when rowing (1) with 

per. Draw two diameters 
at right angles to each 
otlier, as in Fig. 22, 
Taking J inch to repre- 
sent a velocity of 1 foot 
per second, and starting 
from the centre of the 
circle, represent by 
graphic conatriiotion the 
path of a body moving 
with the following velo- 
cities : 2 feet per sec. 
N. E. ; 2 feet per sec. N. ; 
3 feet per sec. W. ; 4 feet 
per sec. 8. E. 

viL Combination of two 
velocities. — Place a wide 
glass tiil)e along a table 
near one edge. Let a 
marble roll trirough the 
tuhfe, and as it does so 
roll! the tube across the 
l^ble* Suppose a second is taken for the tube to move from its first 
yb its last position, then the positions of the irw-rble at intervals of a 
tenth of a second are shown in Fig. 23. The marble enters at A and 
emerges at D ; the distance it has travelhxi in the direction of the 
length of the table is therefore represented by AB. The difi(||iio© 



it has tnigelled acrma the table is in the same way^fepresented by 
AC. instruct a paraUelo^am (Til J?Z> with lines proportional to 
CA and .4^ as sides. The diagonal AD represents the path actually 
traversed by the marble. , 

of lEiOtloil. — The word motioii is meant to convey 
of place. * The simplest forms of motion are 


the stream, (2) against the stream. 

I^c) Draw a large circle upon a sheet of pa; 
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changes in the positions of bodies with regard {o one another. 
The change of position may take place slowly or quickly, that» 
is, motion may be fast or slow. The rate at which a body 
moves is called its speed. A ship may have a speed of twenty 
knots {i,e, may change its position at the rate of twenty nautical 
miles in an hour). A runner may maintain a speed of ten miles 
per hour. In these statements the direction of the motion has 
not been considered. 

When a boy runs down the street he is in motion ; as regards 
the houses and lamp-posts he moves. To describe fully the 
boy’s motion it would be necessary to know his velocity, that 
is, the rate with which he travels, and the direction in which he 
is moving, or the line along which ho runs. If during every 
second through which he moves he travels over a line of five 
yards in length, he has a uniform velocity of five yards a second. 

But suppose he does not move regularly over five yafds in 
every second ; he sometimes dawdles, sometimes stops to look 
at a shop, at other times he puts on a spurt to make up for lost 
time. How should we describe his motion now? His rate 
varies from time to time, or his velocity is variable, and to 
describe such a variable velocity it is usual to speak of the 
velocity at any instant as being a certain number of yards per 
second. Suppose the boy moving with a variable velocity had 
at a given instant a velocity of eight yards per second. If he 
continued to move at the same rate he would travel over eight 
yards in the succeeding second. 

Average velpcity. -But it is sometimes better to find the 
average velocity of the moving body. -Returning to the boy, 
suppose he travelled 800 yards in 400 seconds ; if we divide the 
first number by the second we obtain the boy’s average rate, 
namely, two yards in a second ; this, then, is the rate with 
which he would have had to ‘travel, if he moved unifiOrmly, ip 
order to complete his journey in the same time. 

The unit of velocity is generally taken as being a velocity of 
one foot per second. Thus a velocity of six means a velocity of 
six feet per second. 

Measurement of unifom linear velocity*-— It is a 

matter to calculate the velocity of a body moving 
a straight line when the distance it ijas travelled, 
units of length, and the time it has taken to 
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journey, meagftired in units of time, are known. All that has to 

be done to find its uniform velocity is to divide the number of 

units of length passed over by the number of units of time 

taken to complete the distance. Thus : 

rr t 1 --L space traversed 

Uniform velocity . 

time taken 

Yilodties cm be completely represented by straight 
lines. — To determine a velocity completely, all we want to 
know are its magnitude (or the distance travelled in a given 
time) and its direction. But, a8% well known, a straight line 
can be drawn of any length in any direction ; and we can 
arrange that its length shall contain as many inches or feet, 
whichever is more convenient, as there are feet or yards per 
second of velocity, depending on the way in which it is decided 
to measure the velocities. Velocities can therefore be completely 
represented by straight lines. 

Oomposition of velocities.— -Think of the case in Experiment 
10 vii., of a marble moving along a tube with a uniform velocity, 
when the tube itself is all the time being uniformly moved 
across a table. It is evident that since the marble is in the 
tube it must have the same velocity acnm the table that the 
tube has ; and at the sanie time it moves along the tube, that 
is, in a direction at right angles to its former velocity. It has 
two independent velocities. Similarly, we can think of a ship 
sailing across the ocean with a man on deck walking from one 
side of the ship to the other. The n)an has two velocities. He 
is moving onwards with the ship at a certain velocity, and at 
the same time he is moving across the ship with another 
velocity. 

But yet a body can only move at any instant in one direction 
with one*^efinite velocity. How, then, shall w^e find the actual 
velocity at any instant in the case of the marble or of the man ? 
The velocity which we want to find is called the resultant of the 
two independent velocities, which are themselves spoken of as 
emponents. If the two velocities have the same direction, all 
we have to do is to add them to obtain the resultant, or if they 
are in opposite directions along the same sti'aight line we 
snbtiwct them. 

If tliey have directions which make an angle with one 
it is clear the resultant must be somewhere 
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between the components. Referring to the case mt the marble, 
let OA (Fig. 24) represent bjiHt#- length the number of inches 
the marble moves along the tube 
in a second, and OB the distance 
moved by the tube, and conse- 
quently by the marble in the same 
time across the table. Draw BR 
parallel to OA and AR parallel to 
OB, thus completing the parallelo- 
gram, then the line OR represents 
the resultant velocity, both in 

magnitude and direction. In just the same way OA could 
stand for the ship’s velocity and OB for the man’s, then OR 
would represent the direction and magnitude of the man’u* 
actual velocity with reference to the sea. This principle is 

called the Parallelogram of Velocities. 


B, 
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r 
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Fig. 24.— Parallelogram ot volo- 
oities. 


11. ACCELERATION. 

lAii instance of accelerated velocity.— 01) tain a smooth bo^ird 
ahQpb six feet long, having a slight gnwjve cut in it from one end to 
the other (Fig. 25). Incline the l)dard slightly at one end. Pll^c a 
marble or other small spliere near the raised end and let it roll down 
the board. Notice that as it moves its vehxjity increases. To show 
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Fio. 25.— A grooved lx)ard for experimontfi to illustrate acceleration. 

tlJfl the space traversed increases every second, fit up a seconds* 
pendulum ^and set it in motion. Let the lK)h of the i>enaulum stfike 
against a sheet of paper or some other light object at the end of each 
swing, so that you can hejir when the seconds eommetioe. Now 
start the marble from a mark ujK>n the Ixmrd exactly when the 

E endulum taps the paper on one side. Notice kow far the marble 
as rolled by the time the pendulum taps the paper on the other 
side. Make a mark at the place reached, and do the same for 
Siioceedin|^ s^onds until the marble rolls off the board. Meaidre 
the length of Ixmrd traversed by the marble in each second. The 
distances will be found to increase in proceeding down the board 
from the starting place. 

A »ecGfid»* pendulmn cm he made hy 8ti«yetiding, from the 
itafl, a ballet by a stiiog 89*14 Inches In 
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Meaning of acceleration. — An express train starting from 
a t»n*iniiuis begins t(» move slowly, and, as tlie jourm'y proceeds, 
the rate of nidtion goes on in<a-casing iiiilil tlu* train gets its full 
speed. /\ stone let fail from a height similarly stalls from rest, 
and as it m(*ves it li aAels faster arid faster' until bi’ought. to a 
stMiidstill again on I'eaching the gi’emnd. ( >i , imagine a eyelist 
.Htartiing for- a rid(*, and legulai ly ima-^- e ine Ids s}umm 1 until he 
could hot <jo any fastra-. In all tin < inples lln^ vtdociiy 

of tin* moving body has jM-iiodieaUy im i earned, and tlie I'ati* at 
wliieh t he ehang(‘ lias tak<m plma* is s[)(*k<‘n of as acceleration. 

Acceleration is the rate of change of velocity, lint am 
eelm’ation may be of air opposites kind to the instances givmi 
above. Ib'veisc ravli of the <‘xam|)h‘s and eonsidi'i* what 
liap}>ens. An ■ . . rrain going at full spcaal ap|)roaelies a 
station and it >. . av is r-tmiilaily dirninislied until it is 
brought to at the platforan. A stores is thi'own njiwards 
with a e'U’tain vadoeity, it niov<‘s nioi'e slowlv' and rnor’e slowly 
until it- eoiiH's to r^st, and tlnii starts falling. A eyelist 
tfavcibng at full speral slacken d? r^ir ri'gular'ly until he 
eonies to a standstill. In all th*- <■ wc liava- examples of 

an aei'ciefat ion of an exactly opposit(‘ kind t(> t lie pi*e\ i<»us 
itistanee' , Imi yet an ac<'c!(’rat imi. In ordinar y language this 
kind of acech ration is given a, name of its own, via. retardation. 

’ i ations, likt‘ velocili<-s, ean 1 k‘ I'eprt'smil ed giaphieally 
lo, •„ lines. 


12. INERTIA. 

i. A maas at rest tends to remain so. — Ellka* a iie,r\ y mas^ mion 

a- li'olk'V resting upon a 
li'vel tal»le. Ailaeh a 
piece of thin eolltai or* 
llu't'ad to llie trolley. 
Attianpt to move tlie 
trolltyv hy sliarjilv juill- 
ing tie' tlnead, which 
will pie>i>ahly i)ieak. 
Mdie ‘I'dle'; cMie, hoW- 

e'.' , -d", e- cc.ved 

ii de y;. .is,,,, terce is 

a|>})liee : slly. 

li. A moving: mass requires force to stop it — 1 ; ■ < ?,d of the 

- icr, ’'d i i ■ < - i \ .on] ha iite liu’c-ad liui,ig 

lo.ociV oilavt'cii ii;e ieSho .irat ine lixed point. Set- the trolley 
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in motion away from the fixed point. The force of t^ie tendency 
of the mass to keep in motion will probably 4)e sufficient to break 
the thread. 

The force of gravitation.— Experiments and observations 
made by Newton led him to the conclusion that it was the i*ule 
of nature for every material object to attract every other object, 
and that this force of attraction is proportional to the masses of 
the bodies ; a lar^c mass exerts a greater force of attraction than 
a small mass. But the farther these bodies ai e apart the less is 
the attraction between them, though it is not less in the propor- 
tion of this distance, but in that of the square of the distance. 
This diminution of a force according to the inverse proportion 
of the square of the distance applies to so many cases that it 
ought to be understood clearly before proceeding. Suppose two 
bodies of equal mass are one foot away from one another and 
attract each other with a certain force. If the distance between 
the masses is doubled, the strength of the attraction between 
them is only one-quarter of what it was ; for the square of 2 is 
2x2=4 and the inverse of 4 is In the same way, if the bodies 
are placed three feet apai*t, the force of attraction is J of the 
original force. 

Newton’s law of gravitation may be expressed thus : Every 
body in nature attracts every other body with a force directly pro- 
portional to the product of their masses and inversely proportional 
to the square of the distance between the bodies ; ^d the direction 
of the force is in the line joining the centres of the bodies. 

Consider the case of a cricket ball on the top of a house. Tlie 
earth attracts the ball, and, by Newton’s law, the ball attracts 
the earth. The ball, if free to move, falls to the earth ; to be 
correct, however, we must think of the ball and the earth 
moving to meet one another along the line joining their centres. 
But the ball moves as much farther than the earth as the earth’s 
mass is greater than that of the Imll ; and for practical purposes 
this is the same as saying that only the ball moves and that 
the earth remains still 

This force of attraction between all material bodies is caU^ 
the Ibrce of gravitation, but this is merely giving the 
nama Calling this force “ gravitation,” and the rule accoiTOi|| 
to which it acts the “law of gravitation,” does not teach 
thing about the nature of the force itself. 
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The attraction of gravity.— -Bearing in mind that weight is 
really a measure of the attraction between an object and the 
earth (p. 69), it will be clear from Newton’s law of gravitation 
that since a thing up in a balloon is farther away from the 
earth (which acts exactly as if its whole mass were collected at 
its centre) than when at the sea-level, the weight of this thing 
ought to be less than it is at the sea-level. This is found to be 
the case, but, actually to demonstrate the difference in weight, 
the weight must be measured by a spring balance as in Experi- 
ment 15 i (c). 

Similarly, because the earth is not a perfect sphere, but is 
flattened at the poles, points at the surface of the earth in the 
region of the tropics are at a greater distance from the centre 
than points similarly situated in the neighbourhood of the poles. 
Consequently, the weight of a mass situated on the earth in the 
tropics should be less than the weight it would have if it were 
moved into the polar regions. Tliis has been found to be the 
case. 

The rotation of the earth is another disturbing influence. 
While places on the equator are carried round with a velocity 
of over a thousand miles an hour, those near the poles have but 
a very small velocity of rotation, while the pole itself is at rest. 
It is clear that if we consider a mass at the equator its tendency 
is to obey the first law of motion (p. 45) and to fly off at a 
tangent, and part of the force of gravitation is expended in pre- 
venting this flight — the remainder of the force of gravity is 
operative as the weight of the mass under consideration. At 
the pole there is nc tendency to move off* tangentially, and 
the whole of the force of gravitation is felt as the weight of 
the body. For this reason alone the mass would w4igh less at 
the equator. 

Inertia. — Common experience tells everyone that things do 
not move of themselves. An object at rest remains at rest until 
it is forced ta^raove. Moreover, if it is movii% it tends to go on 
moving in the same direction and with the 'Same velocity until 
made to change by the application of force^^ In a word, dead 
matter is helpless and conservative. It d6es nothing by itself, 
and objects to alter its condition whatever that condition may 
be. The inabtlty shlmi hr a material body to ot^^uige by itself its 
eondiUdii of rest or of adlfom morion in a stralfbt line la called its 
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Inertia. It is exemplified when a cyclist is stopped suddenly, 
for the tendency to continue moving is so great that the cyclist, 
if he is travelling quickly, is shot over the handle-bar of his 
machine. This law of inertia is often spoken of as Newton’s 
First Law of Motion. 

First law of motion. — Every object remains at rest or moves 
with uniform velocity in a straight line until compelled by force to 
act otherwise. 

This law, which Newton first stated as being always obeyed 
by bodies in nature, means, first, that if a body is at rest, it will 
remain at rest until there is some reason for its moving — until 
some outside influence, which is called a force, acts upon it. In 
fact, the law really supplies us with a definition of force. 
Nobody finds any difficulty in understanding the rule so far. 
But it is not so easy to see the meaning of the words referring 
to uniform motion in a straight line. An example will make 
this clear. Consider a ball moving uniformly along ice. After 
a time the ball comes to rest, and therefore it does not continue 
in a state of uniform motion. But it moves for a longer time 
on ice than it would do on a road. The ice is smoother than the 
road, and there is a connection between the roughness or smooth- 
ness and the length of time during which the ball moves. If the 
ice could be made smoother and smoother, the ball would move 
for a longer and longer time, and if both tlie ball and the ice 
were perfectly smooth, there is no reason why the ball should 
ever stop. The roughness or friction represents, then, the force 
which causes the ball to change its state of uniform motion 
for one of rest. If a body in a state of uniform motion could 
be placed outside the influence of what Newton called 
“ impressed forces ” it would aflbrd us an example of perpetual 
motion. But because these impressed forces cannot be eliminated 
perpetual motion is impossible. 

Definition of force. — Newton’s first law, then, enables force 
to be defined. Force is tbat wMCh produces, or tends to produce, 
motion in xnatter ; or alters, or tends to alter, tbe existing motion 
of matter. It must, howqver, be understood clearly that by 
defining force we do not get to know anything more about it. 
Nobody can tell what force is ; all we can know are the effecte 
produced by it 
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13. MOMENTUM. 


i. Collision of equal masses. — Suspend two solid balls of equal mass 
by the side of one another, so that they just* touch when at rest. 
Placfi Ji m<dvre nih^ on (‘di^e on the taide ^unuer the balls (Fig. 27). 
Notice the positions of the balls, and their pull each ball to an equal 

dj stance from the plae(* 



vvh« re the balls rest, b}^ 
means of tli reads held in 
the two hands. Release 
the two threads at the 
same instant. The balls 
will collide, and if they 
are of equal mass they 
will rebound by equal 
amounts. 

ii. Momentum after colli- 
sion. — Substitute a ball of 
much smaller mass for one 
of Hit! halls in the preced- 
ing experiment. Pull the 
two balls away from the 


Fjo. ‘.iT.“- App:irat;\i,s to illustrate inoiiicutiuu [x sitiori of rest, SO that 
ami iiMpa<*t. the .surfaces which touch 


one another are at equal 
distance's from (liis position. Then rcdease the halls simultaneoiwly 
ami ol)Si‘rvc tlic' ir'honnd. The two l)al]s wen* at ecjual dfetances 
from their |)osit ion of rest and are siispendcHi from strings of equal 
Ic'iigth ; tlu*r(‘torc' ihc'ir velocities when they meet are capial. Tlie 
smalh'f mass ins h‘ss monicmtum than the larger Itc'fcjre the two 
nu'cd. l>ut the iiiomenlum after collision is the same for caach mass; 


thc'rc't'orc' the small mass is given a velocit}^ of rebound as many 
times gtc'atri than tlu* velocity of the large mass as this mass is 
grc'atc’r than the smaller one. 


Meaning of momentum. —The moinenturn of a body ia 
equal to tbe product of the mass and the velocity. Ex|ireKSsed 
as an eqimtion we have 

Momentum = mass x velocity. 

The unit of momentum is consequently that of a unit of mass 
moving witn a unit of velocity, or, if the unit mass be that of the 
imperial standarxl pound, the unit of momentum is the quantity 
of motion iu a mass of one pound moving with a velocity of one 
foot per second. 

Unit of force. — A definition of the unit of force may now be 
given. It has been e\{>l:iined that force is the name given to 
tlic^ sometldng whielj is able to set Ji bodv at rest in motion or 
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to change the motion of a moving body. A unit Ibrce acting for 
tlie unit of time is able to produce a unit of velocity in a unit of 
mass ; or a unit of force produces a* unit of acceleration in a unit of 
mass. But, since the product of a mass and its velocity is spoken 
of as the momentum of the body, we can measure force by the 
momentum it generates. The unit force gives rise to the unit 
of momentum. 


Change of momentum is proportional to the acting force. The 
force which will produce a velocity of one foot per second in a 
mass of twenty pounds will produce a velocity of two feet per 
second in a mass of ten pounds, and a velocity of twenty feet 
per second in a mass of one pound, acting in each case for the 
same time. Or to express these facts concisely in an equation : 


force which acts = 


mass of the body change of velocity produced 
acted on in a unit of time 


mass of the body 
acted on 


X acceleration. 


' Newton’s second law of motion. — Change of motion is pro- 
portional to the impressed force, and takes place in the direction in 
which that force acts. 

This law speaks of “change of motion,” and by motion is 
understood momentum or quantity of motion. It states that 
the momentum generated by a force of two units will be twice 
as great as that produced by one unit; and further it implies 
that a force of one unit acting for two seconds will produce 
twice the momentum which it would do if it only acted for one 
second. This is why it is necessary in defining the unit of force 
to introduce the words “acting for the unit of time.” The 
change of motion spoken of in the law must therefore be undeiV 
stood to mean that produced in a unit of time, or the rate /k 
change of motion or momentum. But we know that the 
momentum of a body is the product of the mass of the bodjy 
into the velocity, and since the mass remains constant, the rate 
of change of momentum must be the product of the mass and 
the rate of change of velocity, which is, as we have seen, the 
acceleration. Hence we come to the very important fact tlwit 
tbe of units of force in any force is e<;Lual to tlie 

of number of units of mass in any body on which it 
and the number of units of acceleration produced in thut IIM i W 
Ibroe lu gnestion* 
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Newton’s third law of motion.— Action and reaction are 


equal and opposite ; or tlxe mutual actions of two bodies on one 
another are a4w;a3rs equal and in opposite directions. 

This law <^n be exemplified in a variety of ways. If you 
press upon the table with your hand with a certain force, the 
law asserts that your hand is pressed by the table with an equal 
force in the opposite direction. We say in common language 
simply that the table ofi'ers resistance. Similarly, if you hold 
a mass of a pound on the palm of your outstretched hand it 
presses your hand downwards with a force which we have learnt 
to call its weight ; your hand presses the weight upwards with 
a force of exactly the same amount. If the scrimmage at Rugby 
football does not move, it is clear that the oppf>sing “forwards” 
are pressing one another with equal forces in opposite directions, 
and it is easy to understand in this case that the action and reac- 
tion are equal and opposite. Every force, tffin, is one of a pair of 


forces, the^ second being the reaction to which it given rise. Such 
a pair of forces is called a stress. i 


14. PABALLELOOBAM OF FOBCES. 

i. Eelation between tension and extension. — 

Clamp a thin indiarubl^cr cord with a tray sus- 
pended from the lower end, and arrange a wire 
by its side as in Fig. 28. Stick a pin through 
the cord opposite the end of the wire. Place 
10 grams in the tray and measure the elongation 
prcSuced by it — that is, measure the distance 
between the pin and the lK>ttoni of the wire. 

Place another 10 grams in the tray and again 
notice the extension produced. By subtracting 
this reading from the former one, you can find I i 

the extra extension produced by the additional 1 1 

10 grams. "" In the same way find the extension j i 

produced by 30 grams, 40 grams, and so on, up / \ 

to 100 grams, wso determining in each case / \ 

the extension for the additional 10 grams. / j \ 

H Eepresentation of forces by lines.>T“Draw / I \ 

vertiofil lines to represent the extenskl^ pro- 
duMl by the various loads, and also Imes to - ^ . 

the extension for every additional to show^Si 

Wi gl^iuins. As the loads represent forces, the ©xtenaioiiB produced 
Ihaea iHE represent the extension produced by by dliferent forces. 

You will find that the exteilh ' 

to the forces — ^that is, double the force 
and so on. The atrength or magtiitude gf 
ahov^ti hy the Imgth of a itne. 
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iii. Parallelogram of forces. — The following experiments illustrate 
how the directions as well as the rmgnUudes of forced can be repre- 
sented by lines. 

(a) To the middle of a piece of elastic cord about 6 inches 
long fasten a piece of the same cord about three inches in length. 
From the point where the three cords meet measure off an equal 
distance, say two inches, and put a pin through each cord at this 
distance. 

Fasten the pin at each end of the six-inch piece of cord upon a 
sheet of^paper lying flat upon a drawing board or table. The cord 
f should lie in a straight line betwed# the pins, but it must not 
be stretched. Now pull the third c in any direction so as 

to stretch the others as 




well as itself, and fasten 
its pin in the board while 
the cords are thus stretched 
(Fig. 29). Make a pin 
mai'k upon the paper at 
the point where the cords 
meet, and then pull the 
pins out of the paper and 
put them and the cords 
aside. Pin-holes will be 
marked at AJ^D in Fig. 
29. Mar^* On^from eaoli 
of the lines, starting from 
Ay By and D respectively, 
the original length, that 
is, 2 inches, measured on 
each cord. The additional 


j Fio. 29. — A three-way elastic cord, used to lengths ECy FG, and GC 
I Illustrate the principle of the parallelogram® , thus represent the amounts 
of forces. which the cords have 

‘ ‘ stretched. 


{h) Construct the parallelogran^ ECFH by drawing EH and FH 
parallel to GF and EG respectively. Draw the diagonal GH ; it 
will be found to have the same length and be in the same line as GG, 
Assuming that the extensions are proportional to the forces (and 
they practically are so in this case), the two sides EGy GF of the 
parallelogram represent two of the forces both in magnitude and 
direction, and the third force, which is equivalent to the other two 
taken together, is represented on the same scale by the diagonal of 
the paraflelogram. 

• (c) Repeat the experiment with the cords stretched by di^retlf; 
amounts and in different directions. Construct a parallelpgr^ 
similar to EGFH for each cose. 

When the cords ftre arranged in any position ttiey rcpresenlb 
forces acting upon the particle €. Since G is at rest, th^ 
represented W GG produces the same effect as the two foroifi 
sented by GE, CFy taken together. If, therefore, a force e{|i||H|| 
magnituae to GG, and acting in the direction OJET, is 


Xi.8.l« 


© 
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C!F, the mrtiole still remains at rest. The diagonal CH reprer 
sents such a loroe both in magnitude and direction. 

A single force which can be substituted for two separate forces 
in this way is termed a resultant force. 

QrapMc representation of forces. —Evevy " force has a 
certain strength or magnitude, and acts in 4 ‘ direc- 

tion. It is, theiefore, possible to represent a force completely 
by a line, the length of which is made proportional to the 
magnitude of the force, and the direction of which represents 
the direction in which the 
is exerted. If the length of an 
inch is taken to represent a unit 
force, then a force of 5 units 
would be represented by a line 
5 inches long, and two forces of 
5 and 3 units acting together in 
the same direction would be 
represented by a line, 8 inches 
long. If, however, a^body wore 
acted upon by a force of 5 units 
in one direction, and 3 unit^ in 
the opposite direction, then the 
effect would be that of a force 
of 2 units acting in the direc-' 
tiori of the force of 5 4||its ; 

for 8 of the units of this force Fio. 30.— The parallelogram of forces 

, , , 11 . . can l>e illustrated by connecting two 

would be rendered inoperative weights p and ^ with a cord passing 
% the three unite acting in the 
opposite direction. 

Paxallelogram of forces.— A body- can only move in one 
direction at any given instant, thougK it may be acted upon 
by any number of forces. Each force acts with a certain 
strength and in a certain direction, and, in consequence of 
their Joint action, the body moves with a certain velocity, 
if it is free to do so. The same velocity could be given to 
the body by a single force instead of the separate forces, and 
the single force which would produce the same effect as the 
ISiepart^te forces is called the resultant of the forces. When two 
lipetti act upon a body at the same time, their resultant can 
lieUffHy be found bv means of the narallelocrram of forces. 




MOTION, INERTIA, FORCE 


51 


which may be expressed thus : If two forces acting at a point be 
represented in magnitude and direction by the adjacent sides of a 
parallelogram, the resultant of these two forces will be repre« 
sented in magnitude and direction by that diagonal of the 
parallelogram which passes through this point. 

Let 0 represent a material body acted upon by two forces, 
represented both in magnitude and direction by the lines Oi?, 
OA* To find the resultant of these two forces, both as regards 
its amount and direction, complete the paiallelogram OBRA and 
join OR^ which will be tlie resultant required (Fig. 31). 

Calculation of resultants— \\(hen the two forces of which 
the resultant is required act at right angles to one another, the 
calculation is a simple applfetion of a proposition in the first 

book of Euclid (I. 47). In these 
circumstances the triangle ORA is 
right-angled, and Euclid proves that 
{OAf + {A lif = {OR)% and conse- 
quently (OAy^-\-(OB)^^(OR)% from 
which when OA and OB are known 
Fio. Sl.-Qraphic representa- We can calculate OR, 
fo°r?ea.°' parallelogram of directions of the tWO 

' forces OB and OA are inclined to 
each other at an angle which is not a right angle, the calcula- 
tion involves an elementary knowledge of trigonometry. This 
can be obviated, however, by the simple expedient of what 
is called the graphical method. This consists in drawing two 
lines inclined at the angle at which the directions of the forces 
are inclined, and making them of such lengths that they contain 
as many units of length as the forces do units of force (Fig. 31). 
The parallelogram is then completed by drawing AR and BR 
parallel respectively to OB and OA and joining the diagonal 
ORy the direction of which will be that of the resultant, and its 
length will be as many units as there are units of force in the 
resultant force. If is immaterial what lengths are used to 
represenl^the units of force so long as the components and 
the resulj^nt are measured in the same units. 

Besolution of forces.— A single force can be replfteed by 
other forces which will together produce the same effect. 
a substitution is called resolvlngethe force, or a 
force. The parts into which it is repolved are spdfcea"'p|||^ 
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oomponents. When this has been done it is clear that we have 
made the original force become the resultant of certain other 
forces which have replaced it. Referring back to what has 
been said about the parallelogram of forces, it will be seen that 
any single force can have any two components in any directions 
we like ; for by trying, the student will be able to make any 
straight line become the diagonal of any number of different paral- 
lelograms. The most convenient components into which a force 
can be resolved are 
those the directions of 
which are at right 
angles to each other. 

In this method of re- 
solution, neither com- 
ponent has any part in 
the other. 

A kite at rest in the 
air affords an example 
of the principle of the 
parallelogram of forces 
(Fig. 32). There are 
two downward forces — one represented by ABy due to the 
weight of the kite, and the other represented by ADy due to 
the pull of the string. The pressure of the air on the face of 
the kite can be resolved into two forces, one acting along the 
face and the other at right angles to it. The latter force is an 
upward one, and if the kite is at rest it is equal to the resultant 
AC oi the two downward forces. If it is greater than the 
resultant A (7, the kite rises ; if it is less, the kite falls. 



Fiq, 32 . —Forces acting on a kite at rest in the 
air. 
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CHIEF POINTS OF CHAPTER IV. 


Motion is change of place. Speed is rate of motion in any direc- 
tion- 

Velocity is the rate of motion in a given direction. When a 
body’s velocity is uniform it 'moves over equal distances in every 
second, when it is variable unequal distances are movcjd over in 
equal timtJS. 

No. of units of length travelled 

Uniform velocity = ^ rr — nr t-t 

No of units of time taken 


The unit of velocity is generally taken as being a velocity of one 
foot per second. Velocities can bo completely represented by 
straight lines. Tlie resultant i^f two velocities can be determined 
by the paralldoffram of velocities. 

Acceleration is the rate of change of velocity. In measuring 
uniform accelerations it must be known what addition to, or subtrao- 
tion from, the velocity of the moving body there has been during 
each second of its journey. 

The unit of acceleration is an increase of the unit velocity in a unit 
of time. It is generally taken as equal to an increase of velocity of 
one foot per second for each second. 

Force is that whicli changes, or tends to change, a body’s state of 
rest or motion. Forces may be completely rejiresented, both in 
magnitude and direction, by straight lines. 

The momentum of a body is the quantity of motion it has, and is 
equal to the product of its mass and its velocity. The total 
mdmentura of several moving mas.s(*.s is unaltered by impact. 

A unit of force acting for a unit of time is al)lo tt) produce a unit 
of velocit}^ in a unit of mass. 

The force of g^ravitation. — Every particle in nature attracts every 
other particle with a force which is directly proportional to the 
product of the masses of the particles and inversely proportional to 
the square of the distance between them. 


mass X mass 

Gravitational attraction = — — t — i * 

square of distance between masses 


Newtons laws. — (1) A body once set in motion and acted upon 
by no force will move forward in a straight line for ever. 

(2) If a moving body be acted upon oy any force, its deviation 
from the motion delink in the first law will be in the direction of 


the acting force and proportional to it . 

(t3) Action and reaction are equal and in op|X)8ite directions. 
Parallelogram of forces. — If two forces acting upon a point are 
represented in magnitude and direction by the adjacent sides of a 
parallelogram, their resultant is represented in magnitude 
direction by the diagonal which passes through that point. * 
Resolution fit forces. — A single force can be replacedUiy 
forces which will together produce the same effect. 8uch a 
tution is called rmolving the force, and tSie parts into wlddh 
resolved are called components^ 
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EXERCISES ON CHAPTER IV. 

1. What is the difference between uniform and variable velocities ? 
How are uniform linear velocities measured ? 

2. Explain how the average velocity of a body moving with a vari- 
able velocity is estimated. 

3. A line is drawn upon the floor of a railway carriage from door 
to door. When the carriage is at rest a Irn-ll is dropped from the 
roof and falls upon this line. What difference would be observed : 

{a) If the train is moving when the hall is dropped ? 

(b) If the train starts when the ball is half way down ? 

(c) If the ball is dropped when the train is in motion, but the 
train stops suddenly when it is half way down ? 

4. Define acceleration and give an example of a body moving with 
an accelerated velocity. 

5. How is \iniform acceleration measured ? Explain the difference 
between a positive and negative acceleration, giving an example 
of each. 

6. Describe an experiment for demonstrating the principle of the 
parallelogram of forces to a class. 

A nail is driven into a wall and two strings are tied to its head. 
When the two strings are pulled horizontally and at right angles to 
one another with forces equal to 6 and 8 lbs. respectively, the nail 
is dislodged. What force would be needed if the strings were 
brought together and the nail pulled straight out ? Illustrate your 
answer with a diagram. 

7. Explain what is meant by the inertia of a material body. Give 
as many of the results of the possession of this property by a 
material body as you can. 

8. The horizontal and vertical components of a certain force are 
equal to the weights of 60 lbs. and 144 lbs. respectively. What is 
tlje magnitude of the force ? 

9. Two spring balances are attached by strings to a ring which 
is placed round a nail driven into the table, and the balances are 
stretched in directions at right angles to one another till one indi- 
cates a puil of 16 lbs. and the other of 9 lbs. Draw a figure showing 
the direction and magnitude of a single force which would produce 
the same pressure on the nail as do the two forces due to the pulls 
of the balances. 

How would you prove experimentally the correctness of your 
result ? 

10. State the “parallelogram of forces.” You are provided with 
three small spring balances (sometimes called “ dynamometers”), a 
Uabltboard, cWlk, string, etc. ; how can you verify the proposition? 

11. A weight which is hung by means of a piece of elastic from a 
piyif iln^ the ceiling is pulled some way to one side by a thread which 
it#waj8 kept horizontal. Explain why this operation will increase 
|^j|j«^6^hing of the elastic. Illustrate your answer by a diagram. 
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12. As a train draws up at a station on a rainy day, water flows 
from the roofs of the carriages by their front ends. As the train 
leaves the station the water flows off from the rear ends of the 
carriages. How do you account for this ? 

13. A train moving out of a station covers in successive seoonde 
4, 8, 12, 1(). 23, 30, 34, 38, 42, and 44 feet. Name the Awious* 
kinds of motion with which the train is moving during this period. 
What is the mean velocity in miles per hour during the last second? 



CHAPTER V. 

MEASUREMENT OF MASS, WEIGHT, DENSITY. 

15. MASS AND WEIGHT. 

i. Meaning: of mass an<| weight.— (a) 'rake two nieccis of iron or 
brass, called in (>rdiirvry*1angiiiigc, “pomal ’ and “ luilf -pound ” 
weights; or a “pound'' and a “two- 
pound ' will do. Lift tlie two pieces of 
rntdal. One f(‘el.s heavif'r tlian llic other, 
tliat is, the ina.^ses ai e dillerent. 

{h) Place a certain amount of h'ad in one 
{)an of a balance, and counterpoise it \fith 
cotton-wool in the otlu'r ])an. Tin? masses 
are equal but tlu' vuhiuK's aia' dilfeiauit. 

(c) Examine th(‘ parts of a spring balance 
(Fig. 33). Attach oju' ounce to the balance 
and show that the marker is pulled down 
o the division 1. Tlie pull of the spring 
upwards and of the ounet' downiwards are 
equal. ' ' 

{(1) If possible, using a delicate spring 
balaiH^e, such as is u.s(‘d for w thgliing letters, 
sliow tJiat the downward pull of a mass of 
iron can be inereasi'd by holding a strong 
inagiK’t under it (Fig. 33). 

ii. The balance. — {a) Uncover tlie balance 
and identify the different jiarts liy reference 
to Fig. 34. lvais(‘ tlie beam, d //, of the 
lialanee, off tin* suppoits l)y turning the 
liandh' (7. Notice wiietlun' tlie pointer F 
s’wings tajualh' on botli sides of the middle 
Fio 3S.-Theironwoi^.t,t „f . jf does the balaiioe is 

hon-ioTb^a l^ady for use; but if not, lot down the 

the lot s notehanj^c. lieam and turn the small screw at B, then 
ti'V again. Rejieat this adjustment until 
the swings to rigid, and Itdt are equal. 

(//) Whim using the balance a/irai/s place the suVistanco to be 
weighed in the l^t-hand of the balance. Examine your box 
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of weights, and, Kuleoting a weight which yon estimate to he ahout 
the same as an object placed in tlie jian, E, take hbld oi ^it with 



the forceps and place it- in the ri(jht-havP jian. Now 
beam slightly to sec whrlh<‘r- tlie (‘stimati'd “weight” 
equal to the mass of the sul»staiiee in E. If the weight 
a little below what is 


wanted, pick up, with 
the forceps, tlie next 
jieavit'st weiglit in the 
box, and try it in the 
pan with the othm-/ 
If the two tog(‘ther are 
too heavy, tak(3 out 
the smaller weight and 
put in the one lieluw 
it/, and so on, adding 
one weight after tlie 
other, HHfkout mi mug 
any^ until you find the 
correct weight. When 
you have eornpletod 
the weighing, wo’ito 



down and add iij) the 

weights that are missing from their phu-es. ami cheek the figures as 
yxju put each weight back in its |>laee. 

(<•) Examine examples of British rnassu' . - </, an oui'Ka\ .i jiound, a 
half dnmdred weight. Also examine a box of iiieti ie masses, gem rally 
spoken of as a box of “ weights ” (Fig. d;^). 
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Coriipa-rc a poimd with a kilogram. Hang the 100 gram mass 
from a spring’ Iwilama!, and notice that the downward pull or its 
w'(‘ig}it IS equal to th<‘ weight of ounces. 

(d) Idace it weight of HM) grams in one jian of a balance', and show 
that it can bt^ balancial by d/> ounces in the other pan. 

(c) What' tlc'n is tin' liritish cqui valent of Dm weight of a 
kilogram? It is (^videsitly isjual to the wenght of ounces x 10 = 
weiglit of dif) oiiiH'es weight of 2), ll)s. (roughly). 

{/) To Ijeeome fanfiliar with tlu^ [)roc<.*.s.s of W(‘igliing, find the mass 
of a penny, a halfpenny, and otlnn' suitable bodies. 



11b. 


i Kilogram. 


Standards of mass. — In our country tlie st,audard or of 
mass is the (juantity of matter cohtaiiied in a lump of platinum 

of a eeiiaiu size whicli 
dejiosited with the 
Board of Trade. This 
amount of matter is 
called the Imperial Stan- 
dard Pound Avoirdupois, 
and we speak of the 
mass of any other body 
as being a certain num- 
ber of times more or 
less tlian the standard 
pound, that is, as con- 
taining so many more 
times rinudi (or as 
little) matter as is con- 
tained in Die imperial standard pound. But this is not a 
nuiversaJ standard ; in Fiance they lla^'e a standard of their 
own. The French standard is kcpit at Sbvrcs and is called a 
Mlog^ram (Fig. SO). 'The system of masses founded upon this 
standard ii^ used in all scientific work Dirongliont the woi’ld 
and also in the commercial transactions of many cfmntries. 

In the meti ic system the mass of water which will exactly 
fill a cubic centimetre at a temperature of 4 '" C. is called a gram. 
The saiiM' prefixes are used to exjiress fractions and multiples 
of a gram as are ein|)ioyed in the case of Dm metre and 
litre, '.riie kih^gram, or unit of mass, is one thousand times 
gr(*at(‘r than that of a gram, and is the unit in use foK^rdinary 
purpfises. 


( ■oinn.-triJ ivt; cf t1)o Uritii^i 

i (kJ Pouihi iiiui liic tlifitric KilograilrL 
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Measurement of Masses. ^ 

10 milligrams =1 c^tigram^ 10 grams =1 dekagram. 

iO centigrams— 1 decigram. ^ 10 dekagrams — 1 hektograra, 

10 decigrams =1 gram 10 hektograms==l kilogram. 

Mass is not weight.— If .a mass of l lb. is dropped from the 
hand it falls to the ground. ' If the same mass is hung upon the 
end of a coil of iron wire, the coil is made longer by the down- 
ward pull of the mass ti^^^d to its end. The amount by which 
a steel spring is lengthened, as the result of such downward pull 
of masses attached to its ^nd, is used to measure their weights in 
the instrument called a spring balance. If a very delicate balance 
of this kind, like those used in weighing letters, is used, the 
weight of a small piece of iron hung on to the balance can be 
made to appear greater by holding a strong magnet beneath it. 
But, though the weight may appear greater, the mass ori|uantity 
of matter is, of course, the same whether the magnet is under 
the iron or not. There is thus a very clear distinction l)etween 
mass and weight, for mass signifies quantity of substance, while 
weight is the earth’s pull on the substance. 

This pull or attraction which the earth has for matter is an 
instance of what is called a force ; this force is usually called the 
force of gravity. Everyone has a general idea as to what is 
meant by force. For its definition and its measurement the* 
student should refer to Chap. IV. The following instances 
will, however, indicate sufficiently the sense in which the word 
is used. In order to move a heavy mass from rest an effort 
must be put forth : force must be used. To stretch a coiled 
spring requires the exertion of a force. Wheti a body is raised* 
from the ground the force with which the earth pulls it is over- 
come by a lifting force. The force with which a body is attracted 
by the earth is its weight. But it must be remembered that 
this force is just the same whether the body actually falls to the 
ground or not. When objects are supported on a table, for 
example, the earth attracts them just as much, only tbf tabla 
prevents them from falling, as they would do if theim were 
no tabte there. 

of mam and weight.— A mass to 
measn^ in terms of some standard mass.' The ' 
doing this is to counterpoise the body, the mass of whMi li ii 
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desired to measure, with standard masses. This is done with the 
help of a balance, or pair of scales. 

In the simple balance the beam, AB^ is supported at the 
centre (7^ and if the balance is true, the scale pans have no 



tendency to dip either on one side or tlie other. When, as in 
this case, the pans are suspended from points at equal distances 
from the pivot, any mass in one pan is balanced by an equal 
mass in the other. 

The earth’s attraction for e(|ual masses, at any one place, is 
the Hfjime, or shortly stated equal masses have equal weights. 
Thus any weight can bo comj>ared with the weight of standard 
masses. The weight of a body which, as has been stated, is the 
pull of the earth upon it, may bo measured directly by a suitiibly 
graduated spring balance. 

In ordinary language this distinction between mass and 
weight is not made. The word weight is used to mean both 
the amount of matter in a body and also the pull of the earth 
upon it. Having directed attention to the distinction, we 
shall in futhre use the word weight in its ordinary sense. 

16. DENSITY. 

1. The deniity of diffloroxit txxiios vaxies. — (a) Determine, by 
means of a Vialaiice, the weight of a cubic centimetre of wood, lead, 
cork, and marble, and I'eoord the results thus : 

Weights of the cubic centimetre of 
wood (oak)= 0*82 grams, 
lead „ 

cork = 0*24 „ 

marble « 2*84 „ 
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(b) Place, in one pan of a balance, the cubic centimetre of lead used 
in the previous experiment and cut a regular piece of soap from a 
oar so that it just counterpoises the lead. Find the number of cubic 
centimetres in the soap. 

(c) Counterpoise two small bottles of the same size. Fill one with 
water and the other with methylated spirit. Notice that the bottle 
of water is heavier than the bottle of spirit, 'though the volume of 
each liquid is the same. 

(fi) Counterpoise a pint measure or bottle with some sheet lead. 
Fill the bottle with water, and place metal weights in the Opposite 
pan to balance it. Notice that the size of the metal is much less 
than the size of the pint of water. 

The meaning of density.— l. Pieces of different substances 
of the same size or volume may have unequal weights. 

2. Pieces of different substances which have equal weights 
may have very different sizes or volumes. 

It is usual to speak of these facts by saying that things have 
different densities. A pound of feathers, or cotton-wool, has 
exactly the same weight as a pound of lead, but the feathers (or 
the cotton- wool) take up much more room, or have a larger 
volume, than the piece of lead. The matter in the lead may be 
packed more closely than in the feathers, which accounts for its 
taking up less room. The shortest way of saying all this is to 
say that lead is denser than either cotton-wool or feathers. 

If a small thing is comparatively heavy, then it is called a 
dense thing, or it is said to have a high density. If, on the other 
hand, a large thing has a small weight, it is said to have a loxt) 
density. Moreover, the densities of things having equal volumes 
are in the same proportion as their weights. 

Standard of density. — But to compare densities it is better 
to have a standard, just as we have a standard of length, the 
yard, with which to compare other lengths ; or a standard of 
area with which to compare other areas. The density of water 
at a certain fixed temperatui*e is taken as the standard. Why 
it is necessary to specify the temperature will be understood 
later. 

The weight of one cubic centimetre of water at a temperature 
of 4"* C. (see p. 58) is one gram, and its density is taken as the 
standard of density, and is called 1. Similarly, a substance, the 
weight of a cubic centimetre of which is tw<» grams, would be 
said to have a density of 2, for it must contain twice as much 
matter as water does, packed into on^ cubic centimetre. Thi^ 
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weiglit of a cubic centiuietre of '!’*>■ i is IS’S grains^ it 
eofifcaitts ISfl times m much matter in one cubic centimetre 
as there is in one cubic centimetre of water. Its density m 
therefore 13*6. 

Deniitf ii the weight of wmt volume of a substance.— 
Suppose a cube of soap and a cube of lead be cut so as fc<i hare 
’©i|ual weights ; the soap will evidently be larger than the lead, 
and it will be Just as many timeH larger as its douHity m less 
than the density of the leacJ. With et|ual weights, the grt*ater 
the density the smaller is the vcdiime. It follows from this that 
if the volume of a liody is multi|>Hed by its density, we obtain 
its weight. Or, expresstal as an aqtiation, 

volume X density weight 
from this it follows that 

, . weight 

-vo«- 


In using this relation IfOtween tlie volume and weight care 
must betaken that the values of weight ami volume are reduced 
U» the proper units. In all sdeiitifie woik it is customary to 
adopt the cubic tientlmeire and grain as the unim of volume and 
weight respectively. 

Th€^ ratio of the ^veight of an// miimw of a substance to the 
weight of the sa.me viluine <d water is ecjual to the relative 
Uenslty of the substance, or, m It is 
fre((uently called, the gmmty, 

1 % SOME METHODS OP DETER- 
MmiNO BELATIVB DENSITY. 

i. By means of a relative imistty m apeelfle 
p^avlty bottle,— (0) im tunpty 

sptautiu gnivity ht^ttlo, oi a tiask Imving a 
mark on its nook (Fig, JISJ. Fill the tlask 
up ti> tim mark with spirit and 

weigh it i then empty the Mask, dry It, and 

Pia »-A tottte for "P P ■'^’‘=‘8*' 

iw tn UeterriiljUrtf again, ana tiHun the two values thus deter- 

ttw riwfiltiwA. nnne^l hnd the relative density of the spirit, 

r^emhetlng that 



Eelaiivc deftalty^ 

# 


weight of iubatance? 
W’eight of equal vbi of watw* 



MEASUREMENT OF MASS, WEKiHT, DENSITY 63 


(h) Following the method of the previous experinie^it, determine 
the relative densities of two or three* li()uids, such as turpentine, 
milk, vinegar, beer, wine, sea-water or a solution of salt, and ink, 

(c) Weigh out about KK) grams of sliot. Fill llie specific gra\ it v 
flask witli w'ater, and counterpoise it tog<*tlu-r with tlie shot. Next 
put the shot into the bottle, air^ !‘(*nio\ e the wxitc'r (lis})laee(h Add 
weights until tlu* index of the balanc<‘ swings evenly. Tlie weights 


added must eipial the weight ^f 
the water disphua'd, that is, tlie 
weight of a \'oliiine of w^ater 
(Mjual in volume to the shot. 
I'herefore 

Relative density of the shot 
weight of shot 
“weight of ualf i- displaced' 

(d) Find by the method used 
in the preceding experiment (iu 
relative densiliesof such eonnmui 
things as tin tacks (which are 
reall}’ made of ir‘on), hita.of slate 
pencil, lirass wire, and biuss 
nails. 

ii. The relative density of 
liquids determined by balancing 
columns. — (a) Make a U-tuhe 
by bending a piece of glass 
tubing, or l)y connecting two 
pieces of tubing of e«jual l>ore 
with a pi(‘C(‘ of india-i uhhi'r. 
Mount tin* tubes u])on a strip of 
board. Pour quicksilver into 
one of the brarujhes of the U- 
tube iiritii it n.'a(‘hcs a horr/ontar 
line drawn on the hoard (Fig. .31)). 

Now* introduce watfu* into one 
of the tubes, and notic(* that the 
riuu'ciny ^)n whicli 
introdiuu^ 

back to its oiiginal lcv<‘l. 
oolumn is the same, 
of water. 



t'ji;. All l<*i hatiiu’iiig 

coltinins of li<jni(t Mo ' in y is in Uie 

of the tube, uji to lh(^ hue nii tlie 
uj trig) it hoard. 


tlic uater rests is ]niHlu‘d down ; afterwards 
('Moiigh water into tlie other tuhn t** hring the tueicury 
by nu-asuring you tind the length of eaeh 
Repeat the experimeiit with diheient quantities 


(b) Reiue\’n { iif watiT and dry the aitd ^ee tliat tlie im r citiy 

is up to tlu' iii.irk, Nixirly fill oiu' of tlie iuin s with soiue iKiinii, 
sueh .IS niethyhited .sjiirit, and balaiie*- it v iih wat er* int lodurod 
into tin* otlier tube. Pleasure the li Tiirtlis of the eitlnnihs of liquid. 

Determine the relative e n ■, : ; in* lujuid, u no t h* e.jirUion 

that 


Relative densitv of * 

" lenglii oj 


I olumn 
<>lurmi* 
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5 ^ iii. Hare’8 apparatus. — Conw^M t t\vS> glass tuix's with a three-way 

S be as shovvii in Fig. it). Lel^Jlu io\v< r tnals of the glass dip into 
tterent li<[iiidH ; tiu ii apply Motion in lUv shoi t t id.*e at tiie top, 

and v\ iien tiu' liquids liave risen to 
a. eonvenient heiglit elose tlje elip 
upoji lilt* i j id i;i- rubber. Measure 
tlu' liciLdit of tlie liquid in eaeh 
tub(‘ id)()\ t (hi' level of the licpiid 
bi>}()w. '1 he lu'ights a!-(‘ inversely 

proportional to the densititis. 

Determination of relative 
densities by relative density 
bottle. ™ A siin|jle method of 
detern lining the relative densities 
of snbstatiees is to use a specific 
gravity oj- relative density bottle. 
Snob a bottle (^ffeii eonsists of a 
small glass tiask, holding about 
fifty grams of water. It is 
providod with a iiieelyditting 
gi'onnd stopjH'i’, witli a very 
small Inu'e tlirougli it or a 
\<aiieal groovv' out upon it 
( 1' ig. Use the bottle iu 

d<'termining tho iclative. density 
pai l!, >! liqiiut.s. otjiqmds and powihu's. t lie weight 

o^h(^ onipt s' iiotlh' and stojiper 
niusf hrst be known, d^lu* bolth* is tlnn Idhsl with pure water, 
tho stoppor inserted, and tlu' watei' wlin li is forced through the 
lutle in the st(qi|»er w’i[>ed (hb and tiie liottle and its contents 
weigbed. In tin's wav tbe weight of water wineb just (ills tiie 
l»otth‘ is foniid- li now we om])ty tho !)ott le and earefidly drv it 
inside and out, and fill it w iib tlu' liopnd of wdueli the density is 
requinak say sjurits of wine, and weigh again, weliave tlie W'eight 
of tho liquid w hich just tills tin' bottha or* tbe weiglit of equal 
v<»lum(‘s of the bipiid and watr?-. 1'lir latio weight of Hijnid 
divided l>y woight o.f w :Uer - iri vo^t herelat i\ eoh‘]isitya)f tlie liquid. 

Instoad n\ ;i itouh- <'t tliis knui, a tiask liaving a narrow ium k 
around whieb a Inui/ontal mark Irm Immui mad(‘ rnav 1 h* used. 
I'he weight of water which tills Ma k up to tin- maik may 
thus be e-ymparrsl with d;- w.-gdit of liquid which tills it to the 
same mark. 
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Suppose tbe weight of water in a relative densily bottle was 
found to be 50 grams, and the weight of the same volume of 
methylated spirit was found to be 40 grams. Then these 
numbers show the relative densities of •the two liquids, and 
as we take the density of water as the standard or unit, the 
density of the spirit is equal to 40 divided by 50. It is 
thus seen that the relative density of spirit is represented 
by the fraction or which expressed as a decimal fmction 
is 0*8. 

Determination of relative densities by balancing columns 
of liquid. — A convenient way to balance liquids against one 
another, and so compare their densities, is by means of a glass 
tube bent in the form of a U. 

When a U-tube is arranged, as in Fig. 39, the mercury in the 
bend acts just like a pair of scales, and a column of w^ater in one 
of the upright arms can be balanced against a column of the 
same length in the other. The columns of water are the same 
size, or have the same volume, and they balance one another, 
consequently their weights must be the same ; and since their 
weights are equal and their volume the same, they must Iwive 
the same density. 

But suppose water is put in one arm of the U-tube, and 
enough methylated spirit into the other to make the mercury 
stand at the same height in, the two arms. Here there is a 
different state of affairs, llie column of spirit which balances 
the column of water will be the longer, hence its size or volume 
is greater, since the tubes are the same width. But because 
they balance, their weights must be the same ; and the lengths 
of the spirit and water columns are inversely proportional to 
the densities of the two liquids. Thus, 


Relative density of spirit — 


length of water column 
length of spirit column * 


Hare’s appamttis for determination of relative densities* 


—A convenient arrangement to use in determining the relative 
densities of liquids which mix is represented in Fig, 40, and is 


known as Hare’s apparatus Two straight glass tubes ars son* 
nected at the top by a three-way junction, upon the u^oaii»|»<sted 
end of which a piece of India-rubber tubing is placed. 
lower ends of tbe tubes dip into beakers containing til# 
tib relative densities of which have to be deteimfnii^i, 
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applying siaction to the free end of the rubber tube, the two 
liquids are drawn up the glass tubes, and the heights of the 
liquid columns above the level of the liquids in the beakers will 
be inversely proportional to the relative densities of the liquid 
employed. Tlie principle is thus precisely the same as that of 
the U-tube, but by using the form of apparatus here described, 
the relative densities of liquids whicli mix can be more conveni- 
ently found than by the ordinary U-tube into which the liquids 
have to be poured. 


CHIEF POINTS OF OHAPTEE V. 


Hass is the amount of matter in a thing. The British standard 
of mass is the Imperial Pound avoirdu]X)iH, and the metric standard 
in common use is the Kilogram. The metric standard of mass used 
in soientifio work is the fjram. Masses may be compared by a yiair 
of scales. 

The: weight of an ohject is the force with which the object is 

E ulled toward the centre of the earth. Weiglit can be measured 
y a spring balaiict*. 

Density. — Equal volumes of different suh.stances may have different 
weights. Equal weights of different substances may have different 
volumes. Or, different suhslanoes may have diflerent densities. 

Specific gravity, or relative density, is the ratio of the weight of 
any volume of a substance to the weight of an equal volume of 
water. 


Relative 


density = 


ma s s (or we ight) of a mibstanoe 

mass (or weight) of an equal volume of water* 


Balancing columns of liquids.-— The densities of two liquids 
balanced in a U-tulie are in the inverse proportion of the lengths 
of the columns. Or, 


Relative density of a liquid 

^ length of liquid column 


Metric Measures of Mass. 


Ytfcir-Milli-gram. 
= Oenti -gram. 
1 *^ as Dooi-gram. 


l=:Qram. 

10 =s Dekagram. 
100 = Hekto-gram. 
1000= Kilogram. 


Brltlali and Metric Equivalents. 

I gill. « about 154 gmjns. j 1 oz. Avoir. = about 28# grams. 
l „ 24 lbs. |llb. Avoir. = ,, ^kuograni. 
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The following summary, dealing with standards of» weight and 
measure, is exhibited in the Victoria and Albert Museum, South 
Kensington . 


Standards of Weight and Measure. 

The “yard” of 36 inches, is the unit or standard measure of 
extension, from which all other imperial measures of extension, 
whether linear, superficial, or solid, are ascertained. 

The “ pound ’’ is the unit of the measure of weight from which 
all other imperial weights, or measures having reference to weight, 
are ascertained. The one seven thousandth part of the pound is a 
“grain.” One sixteenth part of the imperial standard pound 
(4374 grains) is an ounce (avoirdupois). 

The “ ounce troy” consists of 480 grains and is now the only legal 
standard troy weight. 

All articles sold by weight must bo sold by avoirdupois W’eight ; 
except that — 

( 1 ) Gold and silver, and articles made thereof, including gold and 
silver thread, lace or fringe, also platinum, diamonds, and other 
precious metals or stones, may be sold by the ounce troy or by any 
decimal parts of such ounce— and 

(2) Drugs when sold by retail, may be sold by apothecaries' 
weight. 

[The “apothecaries’” ounce is of the same weight as the troy 
ounce of 480 imperial grains.] 

The unit or standard measure of capacity from which all other 
measures of capacity, as well for liquids as for dry goods, are 
derived, is the “gallon” containing ten imperial standard pounds 
weight of distilled water (weighed in air against brass weiglits) at 
the temperature of 62° Fahrenheit and with the barometer at 
30 inches. 


Metric System of Weights and Measures. 

The third Schedule to the Weights and Measures Act, 1878, sets 
forth the equivalents of imperial weights and measures and of the 
weights and measures therein expressed in terms of the metric 
system, and Sect. 21 of the Act provides that a contract shall not 
be invalid if weights or measures of the metric system, or decimal 
subdivisions of imperial weights and measures, are used in it. 

The unit of Length is the ‘ ‘ Metre, ” = 39 *3708 inches. 

„ „ Surface „ “Are,” =:1008<pmetre8 = n9*60338<j(.yds. 
n „ Capacity,, “ Litre,” cub. metre I *76077 pints. 

„ Weight „ “Gram,” =15*4323487 grains. 

(A gmm is the weight of a cubic centimetre of distilled water al 
4® centigrade.) 
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EXERCISES ON CHAPTER V. 

L Define the mom and weight of a material body, carefully dis- 
tinguishing between the terms. 

2. Give the British and metric measures of mass. 

3. What is a spring balance and what can bo measured with it ? 

4. What particulars about a given mass could yon determine 
(a) by using a spring balance, (/>) by means of a pair of scales ? 

5. A iKxly of which the volume is 1*5 litres, has a mass of 
25 kilograms. What is the mass in grams of 1 cubic centimetre of 
the body. 

What is the volume at 4^* C. of 1,712 grams of water? 

6. How is the relative density t>f a liquid determined with a 
specific gravity Ixjttle ? 

7. Explain a simple method for ascertaining the relative density 
of small shot or tin- tacks. 

8. Being provided with two pieces of glass tube and a piece of 
india-rublier tubing, explain how you would proceed to (i) com- 
pare the relative densities of olive oil and spirits of wine, (ii) ascer- 
tain the relative density of a specimen of milk. 

9. You are given a small reotangular block of brass, and -^u 
have at your disposal a measuring rod divided into centimetres and 
millimetres, a l>alanoo and weights, some fine wire, and a vessel of 
water. How will you determine, by two perfectly independent 
metluxls, so that the results may form a check e»n one another, the 
volume of the hltKik ? Descrilie exactly what calculations you will 
have to make, and say upon what scientific principle, if any, each 
pf your methods dependa 



CHAPTER VI. 

PARALLEL FORCES. CENTRE OF GRAVITY. 

THE LEVER AND OTHER MACHINES. 

18. PARALLEL FORCES. 

i. Example of parallel forces. — Place the ends of a stiff lath or 
rod of uniform thickness upon two letter balances, or support the 
rod by hanging each end from a spring Imlance. Notice the load 
^borne by each balance ; then weigh the rfxi, and so determine the 
fraction of the load supported at each end. 



Fia 41, 


-The reading of the spring balance is ei^ual to the total weight 
of tho lath and the loade. 


li. EoBultant of parallel force®. -da) Suspend a light lath from a 
spring balance by a ring above its centre (Fig. 41). Notice tlie 
reading of the balance. Hang two tqwd wtights in from liie 
ends of the lath, and again observe the reading of the spring 
Eepeat the experiment with unequal mifhte placed in impamilifiA 
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on the lath so as to counterpoise one another. Record your results 
thus ; t 


Weight of 
lath A. 

Weight?/?. 

Weight C. 

Total 

Reading of 
Spring 
Balance, JR. 







By companiig (jolumns 4 and 5 it will be seen that the three 
downward forces A, />*, and acting upon the lath, are kept in 
equilibrium by one upward force It 

(b) Hang the two weights B and C together from the middle of 
the lath suspendtxl from the spring baLince. Notice that the read- 
ing of the balance is the same as when the two weights are hung 
from the ends of the lath. 

Parallel forces. — It has l)een seen that the earth exerts a 
downward pull upon all objects on its surface, and that in 
consequence of this all things fall to the ground if unsupported. 
It follows, therefore, that every mass which is supported above 
the earth's surface is constantly being pulled downwards, even 
though it does not fall. If a beam, for instance, is supported 
horizontally by resting the ends upon two posts, each particle 
of it may be regarded as being pulled earthwards by an 
attractive force. The direction of the pull is everywhere 
towards the centre of the earth, so for any one spot on the 
earth's surface we may consider the attractive forces due to 
gravity to be parallel to one another. 

When a stiff lath or rod of uniform thickness rests upon two 
letter balances, or is supported by hanging each end from a 
spring Imlaifce, the experiment represents on a small scale the 
case of a Iwara referred to before ; and by using spring balances 
it can be proved that the weight supported at its ends is 
equally divided between the two supports. In other words, 
the two upward forces exerted by the balances are together 
equal to the downward force represented by the weight of the 
h^i. 

If a load be placed anywhere upon the lath, the balances still 
•how that when the lath is in equilibrium the sum of the 
U|^irard force® is equal to sum of the downward forcea 
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Principle of parallel forces.— The principle of parallel 
forces demonstrated by the experiments leferred to may now 
be definitely expressed as follows : The resultant of a number of 
parallel forces is numerically equal to the sum of those which act 
in one direction, less the sum of those which act in the opposite 
direction. In other words, the resultant is equal to the algebraic 
sum of the forces. 

If two eqiLal parallel forces act in the same direction upon a 
body, the total force will be obtained (as might be expected) by 
adding the two individual forces together. In like manner, if 
two unequal parallel forces act in opposite directions the net 
effect can be found by subtracting the smaller of the two forces 
from the greater ; the direction of the resultant is that of the 
greater force. 


19. DETERMINATION OF CENTRES OF GRAVITY. 

i Experimental methods of determining centres of gravity.— (a) 

Procure a disc of sheet cardboard and find by tnal the, point on winch 
it may be balanced, that is, the centre of gravity of the disc, ^ake 
a hole in the card near the edge, and take a plumb-line consisting of 
a thread with a piece of lead tied at one end and a hook of thin wire 
at the other. Hang the disc from tin; hook, and then suspend both 
as shown in Fig. 42, so tliat the disc and lead are lK)th suspended 
and the thread passes over the point of suspension. The thread also 
])asses through the centre of gravity. Do this for various holes in 
the edge of the disc, and see that in all cases the vertical line through 
the point of suspension q>asse8 through the centre of gravity, 

(h) Another way to find the centre of gravity of a plane figure, 
such as a irian^lar plate of metal or card, is to tic strings at each 
corner of the plate. Then hang tlio plate by one of the strings to a 
support such as one of the rings of a retort stand. Allow it to come 
to rest, and, using a straight edge, draw a chalk mark across tlie 
plate in the same straight line with the string^as shown by the 
dotted line in the figure. Now attach the same plate by one of 
the other tlireads exactly as l»efare, and again make a mark in 
continuation of the string. The two chalk marks intersect at a 
point marked (?, Fig. 43. Untie and do the same with another 
string, the third line passes through the intersection of the first 
two. Obtain a similar point for each of the other plates. Also 
determine in the same way a similar point for irregular plates of 
wood, zinc, or oardlKmrd. 

il Centres of gravity of skeleton solids.— (a.) Procure a skel^t<iii 
cul>© or tetrahedron, and su8|>end it os in the preceding ex|>e|ii||||ktil* 
Mark the verticals through the point of suspension by 
attached by wax, and thus find the position of the centre of 
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The centre of gravity will not 1x5 on any of the bars of the skeleton 
80li<l llS(x]. 

(6) Find th(' (‘OTilrf' of ‘oravil y <^‘f an (»|)(mv wickerwork basket, such 
as a W'aHte-pajMU' l>aske(. 'To do this, saspond t ie* l»;isket, and hang 



a j)hiiid)'Iine irorti (la* point <*f saspriisitjn, ""tie a- pieia* of thread 
t h' h?!skot in f he direct ion ot t hr plurtih Imo ; t)i(*ii suspend 
off ‘ tola anothci; ]>oiii{, and notice when' the jilunib lira* 

' ! ' ' O ' ilircad. The point of nil<Ts('ct i«ui, w hicli need not 
.■eiiiaUy on the fi;aine\^ itself, is the eiaitit' of gravity. 

Centre of gravity, (‘outsider a iarye innnber of weights, 
some heavim- than otln'rs, su.s|>cnded from a liorizontal rod. 
v\ eerlMin position can Im* found at whieli a 
spiing Irdanee would have to be attached 
in order to lo'cp the !■ >d \\\ i i juihbriuni. 

Wlnm the rod is linng from this point 
tin* tendem y to turn its one direction is 
I’outitci ai'tcd l»y the tetidmicv to turn in 
the ot her, so tin* tod rmaains lau’izontal. 

'riu' \5eiL.;hls may be regarded as parallrd 

f'u e( >, ami tlje |iui! of thcsjirittg balance to. rr r;rr.iih t f.wR 
as eipial to tlieir r»‘siiltant . Now (auisider 

a- sto!i,c„ or anv otlu'r obi]*"'* ; ■-eel*'- -i bv a st.ring. Every 

|>artie]e >t liicstoni"' is berry dio^-ruards lj\’ the force of 

gravit v, as inde atta! hi Fig. I T The resultant of these parallel 
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forces is represented by the line QF^ and the centre of the 
forces is the point G. The point (?, through which tlie resultant 
(flF) of the parallel forces due to the weights of the individual 
particles of the atone always passes, is known as the centre of 
graoitff. For the stone to be in equilibrium, the string must be 
attached to a point in the line QF^ produced upwards. 

Every material object has a centre of gravity, and the 
position of this point for a particular object is the same so long 
as the object retains the same form. 

Experimental methods of determining centres of gravity. 
— The centre of gravity of sucli geometrical figures as circles, 
squares, and parallelograms is really tlie centre of the figures, 
andean therefore be determined geometrically. In the case of 
unsymmetrical figures, however, the centre of gravity cannot be 
so easily found by geometry, and is best determined by 
experiment. 

The experimental method adopted for determining the centre 
of gravity of any material body depends upon the considera- 
tions set forth in the preceding paragraphs. The body, the 
centre of gravity of which is required, is allowed to hang quite 
freely, either by means of a cord on a smooth peg, and when 
it has come to rest a vertical line through the point of support 
is marked upon it. If a string is employed, this vertical line 
will be a continuation of the ^trmg, and is at once drawn by the 
help of a ruler. If the body wnich is being experimented with 
is hung from a smooth nail, by means of a hole bored in the body, 
the vertical line must be drawn with the help of a plumb-line. 
The point of support is then shifted and the operation repeated. 
Since the centre of gravity of the plate is in both straight lines 
it must be located at their intersection. 

Plates of all sliapes balance about their centres of gravity. 
— After the centre of gravity of a sheet of metal, or other stiff 
material, has been determined by hanging it from a 8U|>p^i;t 
in the manner described in Experiment 19 i. (a) and (ft), it will 
be found that if this sheet be so arranged that a pointed uptight 
is immediately under the centre of gravity, the plate wjp 
supported in horizontal position. This affords a convliil^ 
means of cheiilKliig the correctness of the experiment performed. 

Qeometrieal detannination of centres of gravi^,-^lt 

been sufficiently explained that the centres of gravity of sttiijp 
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lines, circles,^ squares, and other regular figures is at their 
geoiuetri(;al <*^‘utr(‘s. Hence, tlif' gef>nH*ti‘i(ial eoristructions for 
(l(‘tenuining these eenttal points also locate the positions? of 
tlnur centics of giavit.y. 

The (‘enii<‘ ot gravity of a parallelogram is at the intersection 
of Its diag<>uals. 

d'lm (‘(‘ulHi of gi’avity of a triangle is detfu inim^d by bisecting 
any t wo sales an<l joining the middle ]»oints so oluaiiK-d to the 
oppo.sjtf^ angle-. Th(i int-ci .sf‘( t ion of tie' liiif's so drawn gives 
the ((uitie of giavity. 'I'hc eeiitic of i>ra\ity is found, liy 
lueasiiring, to be oiu^ third tlie w hoir hnuth of the liiu^ drawn 
from the middle point- of tin* side to the opposit(‘ angle, away 
from t lii‘ side biseef ed. 

VVhj ma\, in t,i(t, -cn^idcr a triangular plat(‘ as made iif) of a 
nunilier (»t narrow strips of material whicli de( r(‘a-se in length 



from tht' ba'i* to t ho ape\. The ei ntr<' of giavity of eaeli strip 
is the imdd!*' ’ it.p. hen<'o the hue drawn from the apex 

tofhi' middi' '1 ’ bas(‘ p<iN-,es tiirough eaeh ecuitn'of giaAdv 
< bi taking aiioihm '>id(' ,is b.is*\ a similai' Imc can 

bo diawn from 1)1“ middle t<» the opposito angh* t big to, B). 
The- e lim mtfisiH t at onc-thn’d tho distance* iij) the line so 
drawn, nu'astiied from tin* ba^a ami tin* point of intersection is 
the centie of erixity of the triangular phite flhg Ih, (^), 

To liud the o fOie ot er,i\jt\ ot a (jirnh il.Uci al bv coil- 
struetion, the plan i''todi\idc 0 into (w(»liMngles b\ drawing 
a diagonal, lo the method jimt (hstaibetl the ctudn* of gunity 
of eai'h ti langde is found, and tiu* points so obtained iwo joined. 
Tilt* ctuitio of gra\d\ ot (Ik* (puicbalateral lu's on tins iiue. 
bh'piMt the pioe»^N ib'awing the otlu'C diagonal d<ai) the 
1‘entres <'f gra\it\ of ilM-s('<ond pair of tiianglcs, the centre of 
gravity of tin (j mulnlalei ai las on this bite. Hence, it- is 
situatial at the point of intersection (*f thus line and tlie first one 
obtained in the same way. 
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Centres of gravity of other bodies. —The method of 
drawing lines across the surface of a thin plate is not' practicable 
in the case of bodies such as blocks or skeleton solids having 
three dimensions. The experiments describjed in 19 ii. explain 
two methods which can be ern])l<»yed usefully in cases of this 
kind. The ingenuity of the student will provide other equally 
suitable plans for pai ticular cases. 


20. EQUILIBRIUM. 

i. Conditions of equilibrium. —Place upon a square-edged table oi- 
board one of the cardboard figures of which you havt' found the 
centre of gravity. Gradually slide the figure near the edge until it 
would just topple over ; keeping it in this position, draw a line 



Fia. 40.— Relative positions of centre of vr»avity and point of suppoit r»i 
stable, neutral, and unstable e<iuilibiiuni. 


along the udder side of the cardlxiard where the edge of the table 
touches it. Then place the eardhnanl in another position and agaiqr' 
mark where the edge of the table touches it when ii wxmld Just 
topple over. The intersection ot tiu^sr bncs is the centre of gravity, 
and it will be noticed that tlu* eaidhoaid would just topple over 
when the centre of gravity falls outside tin; «‘dg(‘ of thr t.dtle. 

il Stable, neutral, and unstable equilibrium. Protane an oiilong 
strip of wockI or cardboard (Fig. 4fi). Support th(^ strip as at A by 
a long pin jni.siied through it ; it is tiuui in stable oqinbbrium, for 
the slightest turn either to right or left rais(‘S the centra of grav ity. 
When supported as at B, the strip is in neutral equildunirn ; and 
when supported as at 6', it is in unstable etpnlionuni, f(»r the 
slightest movement lowers the centre of gravity. 

Relation of centre of gravity to base of support.— A 

circular disc, in which it will be remembered the centre of 
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gravity coincides with tlie goonietncal centre, will not rest upon 
a table if the c(*ntr(‘ is b<.‘yond the edge of the table, but will 
topple over, lu a sinnlar way, if any plane ligure lies flat upon 
a table, the centri* gravity of tin* (igure must be within the 
of th(‘ tablr. 'Flu* samo eomlitions apply to any object 
ir.^iing upon ,j Mippoit For au 
o|i)<M-t lesliiig upon a haso to lu^ in 
(Hpnlibnmu, a vertuMl lm<‘ drawn 
from th<‘ (‘ontre of gravity dowui- 
waid must fall w'ithin the base. 

When this vertiral lint' falls outside 
tin* liase tin*, hody topphvs <oci’. 

Consider the (^asc of an omnibus 
on level grouiul. The centre of 
gravity is somouju'ni insid<; the, 
omnibus, ,nid a vertical line drawui 
from it ilownwards would fall within 
a line traced around tlu' omnihus 
upon the ground. Eut, if tlie out- 
side of the (umnbus is tilled with 
p<'<‘ple and (h(‘ vehieh* hapfxuis to 
bt‘ running across a sloping load, it might top}>le ov<‘r, for a 
jcf K nimjit cause 'so gi<Mi a « han^c (►f position ol the centr’C of 
gravits a'> to makt* the vertical lin<‘ from lht‘ (cntie fall outside 
lh«' base of sup])orl, and in sm h a <ms< an aceidenl must happen 
(Fig. 17). 

Equilibrium.— When a body is at rest, all the forces acting 
upon it ba,lane<' om* another (<>r, what is the same thing, any 
foice IS (Mpial ami oppositi^ to the result.int of the remaining 
forces), and it is said te be in oquilibnum. Jt is in stable 
equilibrium when any tuiinng motion to which it is subjected 
rai ses tin' cent re ,»>f gravitv ; in unstable equilibrium wdien a 
similar moveunmt lowers t)ie<entie of giavity, and in neutral 
equilibrium when the height, of the etaitre of gravity is unaflected 
by such movement C ainsequent Iv . if a bo<{y in stable equili- 
brium i.s disturbed, it returns to its oiigmal position; if in 
unstable tNpubbrium, it will, if disturlHsl, fall away from its 
original position : while if tlie condition of ecpnlibrium is 
neutral it will, in similar circumstances, stay where it is 
placed. 
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Conditions of stability of suspended and resting objects. 

— The centre of gravity must in every case be below the point 
of support for a suspended object to be in equilibrium. The 
greater the distance between tha point M support and the 
centre of gravity the greater is tne tendency to return to the 
position of equilibrium. 

When the centre of gravity and the point of support of a 
suspended object are close together the equilibrium of the 
object is easily disturbed. A good balance partly owes its 
sensitiveness to this condition, the centre of gravity and point 
of support being designedly brought close together. 

It has been shown that in the case of a freely suspended 
object the centre of gravity is at its lowest point when the 

object is in equilibrium. 
Let us see how this applies 
to a body supported upon 
a surface below the centre 
of gravity. 

A body is least liable to 
be upset when the centre 

Fio. 48.— A funnel In (.4) stable equilibrium, of gravity is at a COm 
iriun"*’ equUibrium. (C) neutral equih. ^ijerable distance from all 

parts of the edge of the 
base ; for, when this is the case, the body has to be tilted through 
a large arc before the centre of gravity falls outside the base. 

A funnel standing upon its mouth is an example of a body 
which cannot be easily overturned on account of the low centre 
of gravity and its distance from the edge of the base (Fig, 48, J). 
It is then in stable equilibrium. If the funnel is stood upon 
the end of the neck it can be easily overturned, because very 
little movement is required to bring the centre of gravity out- 
side the base. It is thus in unstable equilibrium. When the 
funnel lies upon the table it is in neutral equilibrium, for its 
centre of gravity cannot then get outside the points of support* 

2LTHE LEVEB. 

i Batodng equal weSglite on a lever*--(a) Make or obtain a lever 
consisting of a strip of light wood gradualed in oentimetres, mid 
having a thin ring screwed into one edge, above the central 
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and a hook screwed into each end (Fig. 49). Hang the lever from a 
nail by the ihiddle ring. If it does not exactly balance, plane (jff a 
little wood from the end which sinks, or slightly unscrew' the hook 
at the end which rises above the horizontal, until the lever does set 
itself, honzontally. • 
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Fio. 49.--A simple lever. 


Hang two pill boxes or small linen bags by their strings from the 
lever, one on each side of the fulcrum or pivot, at equid distances 
from it. Into oiui of the bags place say 50 grams, and find how 
many grams you must place into the other bag in order to restore 
ecjuilibrium. Repeat the experiment with the bags at a different 
distance. 

It will he found always that equilibrium is obtained when equal 
■ weights are at equal distances from the turning point or fulcrum. 

il Principle of moments.— (a) Place some pieces of lead in each 
of four linen Imgs, and adjust by means of shot or small bits of 
lead until they weigh respectively 50 grams, 100 grams, 200 grams, 
and 300 grams. Race the 100 gram bag about 12 cm. from the 
fulcrum of the lever, and balance it with a 50 gram bag on the 
other side. Reooi'd the distance from the fulcrum in each cas5. 
Repeat the experiment by balancing 50 grams against 100 grams, 
60 grams against 200 grams, 100 grams against 300 grams and other 
combinations. 

Record your observations in columns as below : 


Lki-t Side or Lrvkr. 

Load X 
Distance. 

Right BIoe of Lever. 


Load 

Distance 

from 

Fulcrum. 

Load. 

Distance 

from- 

Fulcrum. 

Load X 
Distance. 


- 






Compare the numbers in columns 3 and 6, and state in words the 
law or rule indicated by the results. 

The experiments show that there is a definite proportion between 
the weights on the two sides of a lever, and their distances from the 
fulcnim. The proportion is : 

left . right . . • right . left 

. load * load ** •distance * distance. 

, another way, the loads are inversely proportional 

from the* fulcrum. 
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The turning effect of any force acting upon a lever, as each load 
did in the experiment, is termed the moment of the force. The 
comparisons of columns 3 and 6 prove that the moment or turning 
effect is measured by the product of load into distance from the 
fulcrum. '» 

(b) Hang two bags on the same side of the lever at different 
distances and one bag on the other side. Move the single bag until 
equilibrium is obtained. Do this several times with the bags in 
different positions, and compare the sum of the moments of the 
forces acting on one side with the moment of tlie force on the other 
side. 

(c) Hang a small book or a bag with shot or nails in it on one side 

of the fulcrum, and the 100 gram bag from the other. Move this 
bag along the lever until equilibrium is obtained. Then, remember- 
ing that distance! ^ distanoeg 

^ from fulerum=l“'^ ^ from fulcrum, 


calculate the weight of the book or bag of nails. Repeat the experi- 
ment, using the 200 gram bag. 

In the preceding experiments the fulcrum has been between the 
forces due to the loads hanging from the lever. The forces may, 
however, both act on one side of the fulcrum. It is convenient to 
call one of the forces the effort and the other the resistance. 

iii Load between effort and fulcrum. —Suspend the lever from its 
middle hook as before. Attach a spring balance near one end, and 
suspend a load from some point l^etween tlie balance and the 
fulcrum. The principle of moments applies to this case as to the 
others, and you will nnd that 

reading of distance of balance _ i , distance from 
balance from fulcrum ”■ ^ fulcrum. 


The forces acting in this experiment are the same as those called 
into play when a man lifts the handles of a wheelbarrow having a 
load in it. 

iv. Effort between load and fulcrum— Suspend a load from one 
end of the lever supported upon the central ring. Attach a spring 
balance to the lever between the load and the fulcrum, and hold the 
lever horizontal by means of it. Keeping the balance between the 
load and the fulcrum, show that whatever the relative distances of 
the two from the fulcrum, the prin<^le of moments holds good 
when the lath is kept horizontal. This class of lever is similar, 
as regards the distribution of forces, to sugar-tongs and ordinary 
fire-tongs. 


MacMntes. — A machine is a contrivance by means of which a 
given force is made to resist or overcome another force acting 
in a contrary direction. 

What are termed “ the mechanical powers ” are read jr pmple 
machines which can be used to overcome resistance We have 
now to consider the mechanical principles underlying the 
of such a simple machine as the lever. * 
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IJie l0V6|. — A lever is a rigid bar which can be turned freely 
about a fixed point. The ftolcnun of a lever is the fixed point 
about which the lever can be turned. The force exerted when 
using a lever is ofteci described as the ‘power and the body lifted 
or resistance overcome as the weight. These words are con- 
venient, but they are not correctly used in connection with 
levers, as their true meanings are confused by so doing. It is 
better to substitute the word effort for power, and renuiame or 
load for weight. It should be borne in mind, that, so far as 
mechanical firinciples are concerned, ^there is no difference 
between the power and the 
weight ; both represent t 

forces, and as such they A Jc B 

must be considered in the | 

action of levers. ^ 

The perpendicular dis- ^ 

tances from the fulcrum to **■ 

jf , . Fio, 50.-->Tenii8 used In connection with 

the lines of actions of forces levers. 

acting upon a lever, jire 

known as the arms of the lever. In Fig. 60 the distance A (7 is 
the arm at one end of which the ** weightif acts, and BC is the 
arm at one end of which the “ power acts. 

Classes of levers. — For convenience, levers are divided into 
three orders or classes, according to the relative positions of the 
fulcrum and the forces in action. The classes are as follows : 


Class I. Fulcrum between resistance and effort. Examples : 
see-saw, a pump-handle, a balance, a spade u ed in digging. 

Class II. Eesistance between effort and fulcrum. Examples : 
nutcrackers and a wheelbarrow. 


Class III. Effort between fulcrum and resistance. Examples : 
sugar-tongs, -ordinary fire-tongs, and the pedal of a grindstone. 

These classes are of no real consequence, for the principle 
underlying the action of all levers is the same. 


It will, however, be a valuable and interesting exercise to 
follow out these distinctions in the Figs, on p* 

Ariueiple of the lever.— It is easy to show by experiment, 
that when a kver is in equiUbrium the following equation holds 

‘ '"V 

'distance ^ force on ^ dist^on 
firomMqrum other side , , fiom' Mamin* 
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This principle of moments applies to all levers, so that all tliat 
need be remembered when considering the action of a lever of 
any kind, are the forces working in one direction and their 
distances from the fnlcruui, compared with the forces or resist- 
ances which oppose them and' the distances of these from the 
fnlcrum* 

Moments. — Eefer to the diagram (Fig. 54), where represents 
the point of support, or fulcrum, of a lath or other straight lever, 
and Ml is a we%ht at a distance AF in equilibrium with a 
smaller weight at 

a greater distance FB. A F b 

The force acting at A ' ' ' ^ "i 

A is the weight of i/j, 1 

acting vertically down- ’Af# 

wards ; and the force Fio, 54 . — To illustrate moments of forces, 
at B is the weight of 

J/g, acting in the same direction. Each force tends to turn the 
lever in a particular direction, and this turning effect is called 
the moment of the force. The moment of the force acting verti- 
cally downwards at A is the product of the force equal to the 
weight of Ml into the distance AF^ which, as the diagram shows, 
is measured at right angles to the direction in which the force 
acts. Similarly, the moment of the force equal to the weight of 
about the point Fy is equal to the product of this force and 
the perpendicular distance BF. 

This is a rule of universal application for taking moments 
which will have to be used several times later on, and should be 
well borne in mind. 

Tht moment of a force about any point is the product obtained 
Ity multiplying tbe force by tbe perpendicular distance between tbe 
point and tbe line of action of tbe force. 

Hio principle of work. — ^Though the subjects of work and 
energy cannot be considered fully in this book, it may be 
stated here that work is measured by the product of a force 
into the distance through which a body is moved in the directiori 
of th^e force. Now, in every cjase where such a simple machine 
as the lever is concerned, the work done by one set of forces 
is equal to that done by the other. What is gained iu force 
fe lost iu distance, so that in each case the product of force and 
^iStauoe the same, whether the lengths of the lever arms, oi* 
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the distances through which the ends of the lever move, are 
taken as the distances. 



Fiq. 56.— Principle of work illuati-ated by a lever. 


From the principle of work it follows that if a man, by exert- 
ing a force of 10 lbs. on <jne end of a crowbar, moves 100 lbs. at 
the other end, he has to exert his effort through 10 inches in 
order to move the mass 
one inch. Thus, what is 
gained in effort has to 
be .made up by distance 
moved. 


22. THE PULLEY, 
mOLINED PLANE, 
SCREW, WHEEL 
AND AXLE. 

1 The pulley.— Attach 
a d^gring balance to one 
end of a piece of string. 
Make a loop in the other 
end and hang from it a 
weight and a pulley. The 
spring balance, if correct, 
indicates the weiglit of the 
two together. Pass the 
string under the pulley as 
in Fig. 56, Bb, The total 
weight is now supported 
by two parallel portic^ 



Fio. 56.-iiAetiuiifi of pulleys. 
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of the string, and the tension ofthe string, as indicated by the 
spring balance, is only one -half what it was 
Ijofore. Pass the string over a fixed pulley as 
shown by Aa in the left-hand part of Fig. 56. 
Tbe tension will be found practically the same 
as before. 

li. Single fixed pulley. — Fix a pulley as in 
Fig. 57. Pass a flexible cord over Uie groove, 
an<l hang a weight on each end of it. The 
weights have to be equal in order to balance 
one another. 

ill. Single movable pulley.— Arrange one fixed 
and one movable pulley as in Fig. 5k Hang a 
IV fV weight W troni the pulley, and find the weight 

57 single /^required to balance it. Repeat the experiment 

fixed pulley. with several different weight.s. In each case the 
value of P is found to be about one half the sum 
of W and the weight of the pulley to which it 
is attached. 

iv. lucliued Plane. — (a) Arrange a hinged board 
with a weight attached by clastic to the free 
end. Hhow that the tension is less when the 
weight rests on the Ixiaid than when it is sus- 
pended freely. 

(/>) Procure a toy ctirriage such as is shown 
in Fig. 59. Mace some shot in it and find 
Pio. 68.— A fixed and weight W of the carriage and shot, 

a movable pulley. Attach one end of a string to the carriage after 
passing it over a pulley or smooth rod R, and 
fasten the other end to a small bucket or hox P, Put sufficient 
shot in th<i Ikjx to balance the carriage. Find by several experi- 
ments the relation between W and P. 



Pio, 69.— Ixperlment to iUuatrate the advantage of 
the inclined plane. 

V. Til# Soari*#;-— Out out of paper a right-angled trian||||b such 
m ABO (Pig. 60), and wind it around a lead pencil. The slant 
Side of the triangle forms a spiral upon the pencil, similar in ap- 
pOaronoe to the thread of a screw. MarS off from the point 0 





THE LEVER 


85 


a part of the base CD which will just go around the ^ncil, and 
draw the perpendicular DE. The snjall triangle CDE is similar 
to the large one and represents one turn of the screw-thread. 



Fio. 60 .— To illustrate the principle of the screw. 

The pulley. — A pulley is a wheel having a grooved rini, and 
capable of rotating about an axis through its centre. The 
frame which holds the pulley is called the block. 

Experiment 22 iii., shows that although a movable pulley, that 
is, one which can move up and down, reduces the effort which 
has to be exerted to supjKirt a given weight, a fixed pulley is of 
no advantage in that respect. The ratio of the resistance, or 
weight overcome to tlie effort exerted is known as the mechanical 
advantage of a machine. 

Experiment 22 ii., shows fflnt, with a single fixed pulley, no 
mechanical advantage is obtained. All that this pulley does is 
to change the direction of the pull ; if one c>f the weights, for 
instafj^e, is pulled down, tlie other rises. The pulley thus acts 
in the same way as a lever balanced at its centre ; the distance 
from the centre to the circumference^ in other words, the radius 
of the pulley, being regarded as one arm of the lever. A pulley 
having a radius of three inches has therefore an equivalent 
lever-arm three times as great as one with a radius of one inch. 

Single movable pulley.— Advantage is gained by the use of 
movahle pulleys. The fixed pulley is of no advantage in reduc- 
ing the force required to raise a weight ; the advantage gained 
is derived from the use of the movable pulley. One half of 
the total weight is supported by the part of the string booked 
to the beam, and the other half is supported by the part of the 
string which goes around the fixed pulley to the weight marked 
P, There are several different combinations of pulleys, but the 
principle exemplified by the foregoing experiments,, pamely^ 
that every movable pulley reduces by one-half the effoii# 
to raise a given weight, is utilised in them all 
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The prindple of work applied to pulleys.— With pulleys, 

as with levers, there is neither loss nor gain of work. If, in 
any combination of pulleys, a force of 10 lbs. balances a force of 
120 lbs. — the ineclSanical advantage (resistance-r effort) thus 
being 12 — the effort will have to be exerted through twelve feet 
in order to move the resistance through one foot. For it is an 
invariable rule that 

Effort X I Resistance X distance moved. 

( acts through 

The mechanical advantage of any system of pulleys can 
therefore be determined by finding the relation between the 
weight moved and the effort exei’ted. By comparing the 



Fin. 01. — Parallolograrn of forces applied to the inclined plane. 

I^istance through which the effort is exerted with that through 
which the weight moves, we obtain the velocity ratio of a machine. 

If there were no waste of energy in a machine, the mechanical 
advantage would be equal to the velocity ratio ; biit this con- 
dition is impossible to attain in actual practice. 

The inclined plane. — A plane in mechanics is a rigid flat 
surface, and an inclined plane is one that makes an angle with 
the horizon. 

An object" is prevented from sliding down an inclined plane 
by a force less than the weight of the body. The force required 
may be measured by a spring balance. 

The reason for the decrease of tension in an elastic cord 
attached to a mass resting on an inclined board, compared with 
the tension when the mass hangs freely, will be understood 
from the parallelogram of forces. Suppose an object 0 (Fig. 61) 
is kept in position upon a smooth inclined plane by a force 
^ing up the plane. The object is acted upon by three forces, 
pomelyi tf, due to its 'v^eight, acting vertically downwards, P, 
ilie force Exerted up the plane, R the reaction of the plane. 
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The weight acting downwards is kept in equilibrium by the 
forces R and P acting upwards. The last-named lorce repre^ 
sents the effort exerted, and being one of two it is less than the 
weight whenever the object rests upon the ^lane. Let OP and 
Olf be drawn of lengths respectively proportional to the force 
exerted up the plane, and the weight of the object 0. Complete 
the parallelogram PLWO^ and draw the diagonal OL. This 
]:)aiullelogram represents graphically in magnitude and direction 
the forces in equilibrium when a body of definite weight is kept 
in position upon a smooth inclined plane, by a force acting 
up the plane. If the sustaining force acts horizontally, the 
parallelogram shown on the right in Fig. 01 represents the 
forces concerned. 

If we measure the force required to draw a weight up an in- 
clined plane, as in Experiment 22 iv., the results obtained show 
that the weight of the bucket and shot is less than that of the 
carriage and shot, and that the proportion which one bears 
to the other differs with different inclinations of the plane. 
There is a definite relation between this proportion and the 
slope of the plane on which the carriage travels. When the 
effort is exerted parallel to the plane, this proportion is as 
follows : 

Weight . Effort . . Length of . Height of 

moved ( W) * exerted {P) ‘ ‘ plane {AB) ' plane (BC). 

This rule can also be deduced from the principle of work. If 
the carriage starts from A and moves to B, it is lifted through 
the vertical height BC. For this to take place; the effort will 
have to be exerted through a distance equal to the length of the 
plane A B. Therefore 

Weight Distance which the effort is exerted 

Effort VerticaFdistance through which weight is lifted 
Length of plane 
Height of plane* 

When the effort acts horizontally, the ratio which it bears to 
the weight is in the proportion which the base of the plane AC 
bears to the height BC. 

A wedge can be considered to be two inclined planes to 
base, this double plane being forced forward by an effort 
parallel to the direction of the base. 
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The SCre^W. — A screw may be regarded as an inclined plane 
wound around a cylinder. This is easily seen in Fig. 60. 

C/Oni paring the screw-construction now with an inclined plane, 
it kHU be seen that'^the If, 

height of inclined plane represents distance between threads, 
base of „ „ „ circumference of screw. 



The angle of in<*lination of 
B the inclined plane is represented 
by the angle EC I), and this 
determines the pitch of the 
screw. 

Tn considering the use of a 
sciew, the resistance to be over- 
come can be regarded as a 
weight upon an inclined plane. 


Fig. 62. — A screw turned by a leve|^ 


With a screw such as is shown 
ib l^'ig. 62 the effort acts in a 
parallel to the base of the plane and under this 

condition 


Weight : E^ 
Or expressing tf 


: Base of Plane : Height of plane. 
|w7oportion in the terms which appl}^ to 


screws : 


Resistance : Effor‘t : : 


Circumference Distance between 


of screw 


successive thi’eads. 


When the force is applied at leverage is gained in the 
proportion of AB to and so further mechanical advantage 
is obtained on this account. But, in order to advance the screw 
by a distance equal to that between two successive threads, the 
end of the handle B has to be turned through a complete 
circumference. This fact can be used to deduce the mechanical 
advantage of a screw from the ]uinci[)le of work. We get, 
in fact, 

Resistance _ Circumference of circle doscri})ed by power arm 
Effort ~ Distance between suc( ('SSI ve threads 


The wheel and axle is a well-known contrivance used in 
raising water from a well. The resistance overcome is the 
weight of the bucket of water and the effort exerted is the 
force applied at the handle. The weight of the bucket acts 
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through the rope which coils around the axle and the effort 
acts at the ('irciunfereHce of the circle described by the handle. 
We may think of tlie machine therefore as consisting of two 
cylinders, as indicated in Fig. 63. 



Fio. 63.— The wheel and axle. 


Tlie lever-aiin of the effort P is^ A (' and that of the resistance 
is BC. The proportion between these lengths is therefore 
that between and IT, or, 


CHIEF POINTS OF CHAPTER VI. 

Parallel forces.— The resultant of a number of parallel forces is 
numerically equal to tlie sum of thos(‘, which act in one direction, 
less the sum of those which act in tlui other direction. 

Moreover, not only is the magnitude of the resultant of tw*o 
parallel forces equal to the algebraical sum of the components, but 
when there is equilibrium, one force multiplied by its distance from 
the point of action of the resultant, is equal to the other force multi- 
plied by its distance from the resultant. 

Centre of gravity. — The point through which the resultant of the 
parallel forces, due to the weight of the individual particles of any 
mass, always passes, is known as the centre of gravity of the mass. 

l^he centre of gravity of a body may be determined experimentally 
by allowing the body to hang quite freely, and wlicn it has oome to 
rest tracing a vertical line through the point of support by 
moans of a straight edge. By repeating the process for a second 
point of support two such lines are obtained, the intersection of 
which is the centre of gravity. 

Plates of all kinds balance about their centres of gravity. 
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PoBitiozLS of ceatres of gravity. — (a) Those of straight lines, 
circles, squares, and other regular figures, are at their geometrical 
centres. 

{b) That of a parallelogram is at the intersection of its diagonals. 

(c) That of a triangle is on the line drawn from one of its angles 
to the middle point of its opposite side, and at a distance of one- 
third of this line’s length from that side of the triangle. 

Equilibrium. — In a oody in equilibrium all forces acting upon it 
balance one another. 

It is in stable equilibrium when any turning motion to which it 
is subjected raises its centre of gravity. 

It is in unstable equilibrium when any turning motion lowers its 
centre of gravity. 

It is in neutral equilibrium when the height of the centre of gravity 
is unaffected by such movement. 

A machine is a contrivance by means of which a given force is 
made to resist or overcome another force acting in a contrary direc- 
tion. 

A lever is a rigid bar which can be turned freely about a fixed 
point (the fulcrum). The force exerted when using a lever is called 
the effort^ and the body lifted, or force overcome, the resistance. 

Classes of levers. — 1. Fulcrum is between resistance and effort. 
Examples : see-saw, pump-handle, balance, crowbar. 

2. Resistance is between effort and fulcrum. Examples ; nut- 
crackers, wheelbarrow, and boat oar. 

3. Effort between resistance and fulcrum. Example : pair of 
tongs. 

Principle of lever.— 

Force on ^ distance from _ force on ^ distance from 
one side fulcrum ~ other side ^ fulcrum. 

Moments,— The turning effect of a force is called the moment of 
the force. The moment of a force about any point is the product 
obtained by multiplying tiie force by the perpendicular distance 
between the point and the line of action of the force. 

The mechanical advantage of a machine is the ratio of the resist- 
ance or weight overcome to the efibi't exerted. 

The pulley. — With one fixed pulley no advantage is gained ; but 
every movSible pulley used reduces by one- half the effort required 
to support or raise a given weight. 

The inclined plane. — An object is prevented from sliding down 
a plane by a force less than the weight of the object. If the 
force supporting the body acts parallel to the plane, then the 
weight of the body is to the effort exerted as the length of 
the plane is to the height. When the force acts horizontally 
the ratio between the weight and the effort is that of the base 
to the height. 

The screw.-— The principle of the setew is obtained from that of 
the inclined plane, The resistance is to the efi’ort as the oir- 
otimference of the screw is to the distance between successive 
threads. 

*PiMi wheel and axle. — Tfiis is the ordinary arrangement for drawing 
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water from wells. The mechanical advantage of the wl^eel and axle 
is obtained from tlie ratio between the diameters of the wheel and 
of the axle. 


EXERCISES ON CHAPTER VI. 

1. Describe the principle of the action of a simple lever. 

A stiff wooden rod, six feet long, and so light that its weight may 
be neglected, lies upon a table with one end projecting four feet 
over the edge. Upon the end of the rod lying on the table a weight 
of 8 lbs. is placed. What weight must be placed upon the other 
end so as just to tip the rod ? ~ 

2. What is a lever ? What is the “fulcrum ” of a lever ? 

Name four or five levers in common use, and say where the 
fulcrum of each may be ? 

3. What is meant by the resultant of two forces ? 

Describe an experiment to prove that the resultant of two parallel 
forces is equal to the algebraic sum of the forces. 

4. How would you determine the centre of gravity of an iron 
hoop made by joining together two semicircles, one thicker than the 
other? Explain liow the observations could be used to find out 
which was the thicker half of the hoop. 

5. How would YOU determine experimentally the centre of gravity 
of a sheet of cardboard of irregular shape ? 

6. When is a body said to be in equilibrium ? Distinguish 
between stable, unstable, and neutral equilibrium. What is the 
condition which determines the nature of the equilibrium? 

7. A solid hemisphere made of uniform material is placed with 
any part of its curved surface upon a horizontal plane. Show that, 
however thus placed, it will always tend to a position of stable 
equilibrium with its flat surface horizontal and uppermost. What 
other positions of equilibrium are there ? Which of them are stable 
and which unstable ? 

8. Being given an object like a sugar-bowl, how would you 
propose to find experimentally the position of its centre of 
gravity ? 

9. A square sheet of cardboard weighing 8 ozs. is suspended by a 
thread fastened to one corner, and a weight of 4 ozs. is fastened to 
one of the corners adjacent to the corner of suspension. Efraw a 
diagram to show the position in which the sheet will hang, and Say 
what is the total weight that the thread supports. 

10. What is meant by the mechanical advantage of a maeliino ? 
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11. De8ori,be an advantageo\is method of using two pulleys, one 
being fixed. 

12. Find the force necessary to support a weight of 10 lbs on an 
inclined plane, angl^ 30% (a) when the force is horizontal, {h) when 
the force is \iertical. 


13. Indicate clearly how to calculate the mechanical advantage 
of the screw. 


14. Illustrate the ‘ principle of work ’ in the arrangement known 
as the Wheel and Axle. 
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2a FLUID DISPLACEMENT AND FLOATING BODIES^ 


i. Some thing's sink others 
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Milk and otlicis float, 
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H ciihu' ( entinn'tri's ot tlu' lod art* 
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water displaced. This weight will be found equal to the weight of 
the whole rod. 

h) Fill the divided glass cylinder with water up to a certain 
mark. Notice the level of the water. 

Draw lines at equal distances apart across a narrow strip of paper 
and fix the paper iulide a test-tube, as in Fig. 66. Float the test- 
tube in water in the graduated jar and 
put mercury or shot into it until a certain 
mark .upon the strip of paper inside it 
is on a level with the surface of the 
water. Notice the number of cubic 
centimetres of water displaced when the 
test-tube is thus immersed. 

Then take out the test-tube, dry it, 
and weigli it together with the mercury 
it contains. The total weight of the 
test-tube and contents will be found 
^ equal to the weight shown by the 

Fio. (10.— Tho weight of the number of cubic c(‘ntimetres of water 
test-tube and contents is equal displaced. Repeat the experiment with 
Xe^ the test-tube iiMfiersecl to a different 

mark. 

Float thi* test-tube and mercury in spirits of wone and milk in 
succession. Notice that in the former case it sinks deeper than the 
mark, while in the other not so deep. 

(c) Place the loaded test-tube or a hydrometer (1) in milk, (2) in 
water, (3) in a mixture of milk and w4ter. Observe the depth to 
which it sinks in each ease. 

Water displaced by solids. — If a solid one cubic ceiitiraetre 
in size sinks in water it pushes aside one cubic centimetre of 
water to make room for itself. If its size is two cubic centi- 
metres, it makes two cubic centimetres of water rise above the 
level the water had at first. Whatever the size of the solid it 
must have room, and this room is obtained by displacing an 
amount of water of exactly the same size. 

Floating bodies. — A solid which sinks in water or any liquid, 
displaces a volume of liquid equal to its own volume. When a 
solid floats, the case is slightly difFereiit. Part of the solid is in 
water and part out of the water, and, of coui*se, only the part 
immersed is pushing the water aside in order to make room for 
itself. In the case of a floating object, therefore, the volume of 
displaced is equal to the volume of the part of the solid 
below the surface. 

When any object is floating in water, a certain volume of it 
waiter, and a certain volume is above the surface, 
which it floats depends upon its density. A rod 
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of heavy wood sinks deeper in water than a rod of light wood of 
the same size. The water displaced by the heavy wood has 
therefore a greater volume, and consequently a greater weight, 
than that displaced by the light wood. But there is one im- 
portant fact which applies to both cases, and should be kept 
well in mind. It is that the weight of the water 


displaced hy the immersed part of a floating object is 
equal to the whole weight of the object. If, there- 
fore, the question is asked, how far does an object 
which boats sink into water, the answer is — it 
goes on sinking until it has displaced an amount 
of water having a weight equal to the whole 
weight of the boating object. 

Since the depth at which an object boats in 
water is decided by this rule, we have a ready 
way of deciding whetlier an object will sink 
further in another liquid or not so far. If the 
liquid into which it is put is less dense than 
water, like spirits of wine, it is clear that to make 
up a given weight we shall want more of the 
liquid. Consequently, to make up a weight equal 
to the weight of the boating body, the object will 
have to sink further into the spirit than into the 
water. If, on the other hand, the object is placed 
in a liquid such as mercury, which is denser than 
water, it will not sink so far, because it will not 
take so much qf this denser liquid to have a weight 
equal to that of the boating body. 

The hydrometer. — The construction of a simple 
instrument called the hydrometer is based upon 
theiie conclusions. The instrument is made in 
various shapes and graduated diberently accord- 
ing to the special use for which it is intended. 



¥i(i. (^7. ---A 

htydr.Jiaiblei* 
foi tiiitorrnin- 
iiig like* 
ity of T'ulk. 
I t is called a 
lactometer. 


All hydrometers are, however, used to measure 
the densities of buids by observing the depth to which they 
sink when immersed in them. The lactometer is a form of 
hydrometer employed for measuring the density of milV^ 
When placed in pure milk a lactometer should boat with the 
mark P (Fig. 67) on a level with the surface of the liqttjkl. 
In a mixture of milk and water thf lactometer bbatii 
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some other division level with the surface of the liquid. Thus, 
ip milk 10 per cent, below the average density, the 10 above 
the P mark is level with the suiface. 

An experienced observer is, therefore, able from the readings 
of a lactometer to teli whether a sample of milk has a correct 
density, or whether it is heavier or lighter than it should be. 
At the same time it must be clearly understood that it is not 
gi^ible to decide at once fi‘om the reading of a lactometer 
whiter a sample of milk has been adulterated or not. There 
^’e«other considerations to be taken into account 


24. THE PEINCIPLE OF ABOHIMEDES. 


i. Priziciple of — (a) Suspend a metal cube, or any 

other fairly heavy object, from a spring balance, and notice the 
leading of the balance. This indicates the 
weight of the object in air. Immerse the 
cube in water, as «in Fig. (>8, and again 
notice the reading of the balance. It is 
less than before, and the loss of weight 
shows the buoyant po>ver or upward 
pressure of the water. 

{h) Find the volume of the cube, or other 
)bjeot used in the last experiment, by 
loticing the volume of the water it dis- 
jlaces in a graduated jar. 

Hang the object from one pan of the 
balance, as shown in Fig. 09, and determine 
its weight in grams. Now bring a vessel 
of water under tlie pan so that the object 
is immersed in it, as in Fig. 70. The pan 
rises. Put gram weights in the pan until 
the balance sets horizontally as before. 
You thus find the loss of weight due to 
the buoyancy or upward pressure of the 
water. Notice that the number giving 
this loss in grams is the same as that 
giving the vofiipi^^ of water in cubic centi- 
metres displaced by the object. 

(a) This principle, viz. . that when an 
object is immersea in water it experiences 
Jl Ipss of weight equal to the weight of water 
water than when sue- |^iepIaoed, can be convincingly demonstrated 
pended in air. as iollowiii'^uspend an object from the 

V left-hand pan'df\ balance. Place in the 

short s^le pan a sitoall measuring-glass graduated in cubic oenti- 
<3S(tninterpoise the suspendea object and the measuring-glasMi 



Fio. 68. —The block weighs 
less when immersed in 
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together. Now pour water irifp a graduated jar until the jar is 
about two thirds full. Notice ^he level. Bring the jar^ under the 



Ffa 69. — Weighing an objectan air. Km. 70. — Tiic same object weighed In 

water. Notiee that weights arc in the 
hlutit i>au tu make up for the buoyancy 
of the watei. 

short scale pan so that the object is iinniersetl as in Fig. 71. Notice 
tlie anioinit of water displaced. Put water gradually into ^the 
measuring-glass by means of a pipette. Fapiilibrium will be restored 
tile amount ot water added livequal to the amount displaee^J^ 



Fig. 71.— -When an object ia immersed in a liquid it e>rpfnences a loss of 
weight equal to the weightfU the liquid displaced by it. 

Buoy^Sacy. — Most people have noticed when in a bath that^ 
there is water enough, and they take hold of no stlppo|*t4 
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water buoys them up, or they experience a tendency to rise up 
through the water. It is as if the water resists being displaced 
and presses the displacing object upwards. In the case of 
things which float, such as a wooden rod or a lead pencil, 
the results of tliis buoyancy which the water exerts can easily 
be seen, by pushing either the rod or pencil down into the 
water and then letting go, when the solid rises up through the 
water. Even in the case of bodies which sink, there is the 
same buoyancy on the part of the water, but it is not enough to 
float them. The effect which the water has upon such bodies 
can, however, be seen in the loss of weight which they experi- 
ence if they are weighed by a spring balance when hanging in 
water (Fig. 68). 

Loss of weight of things immersed in water. —It is easy 
to prove by experiment that an object weighs less in water 
than out of it. If a cubic centimetre of lead or any other 
heavy material, is hung from a spii ng balance and then sus- 
pended in water, it will be found to weigh the weight of one 
gram less in water than out. If two cubic centimetres are 
suspended from the balance, the loss of weight is the weight 
of two grams. In every case the loss of weight measured in 
this way is equal to the number of cubic centimetres of the 
solid immersed in the water. The loss is thus equal to the 
weight of the water displaced. This fact brings us to a highly 
important conclusion, known after its discoverer as the Prin- 
ciple of Archmedes. 

The Principle of Archimedes.— When a body is immersed in 
water it loses weight equal to the weight of the water displaced 

by it — If the body be immersed in any other liquid, then the 
loss of weight is equal to the weight of an equal volume of that 
liquid;. It 4oes not matter what substance the thing is made 
of ; the amount of loss of weight depends upon the volume of 
the part immersed, and not upon the material. 

This principle explains many interesting facts. For instance, 
a ship made of iron, and containing all kinds of heavy things, is 
able to float in water although the material of which it is made is 
denser than water. This is because the ship and all its contents 
only weigh the same as the volume of the water displaced by 
the immersed part of the hull. Or, the ship as a whole weighs less 
a quantity of water the same size as the ship would weigh. 
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Now, too, it can be seen why some solids float and some sink. 
When an o])ject weighs more than an equal volume of water 
it sinks. When an object weighs less than an equal volume of 
water it floats. When an object weighs the same as an equal 
volume of water it remains suspended in the water. 

A balloon rises in the air because the gas in the l)alioon, 
together with the bag and tackle, veiglis less than an equal 
\olimie of aii\ If tlie balloon were free to asc('nd it would rise 
to a height where its weight would ])e e(pial to tlio weight of an 
equal volume of the air around it. 

25. RELATIVE DENSITY OF SOLIDS. 

i. Betermination of density solids. — {a) Siis])eiid the solid, the 
density of wliieh i.s to be deWrrminal, to ()ih‘ side of tlu^ balance, 
letluig it hang m an vnipty beaker standing iqion a platform, if, i/, 



Fig. 72. — How to find the woii^lit of an o1)]cct Huspendod in waier. 

as shown in Fig. 72. Find tlie weight of the object. Then pom- 
water into the lieaker, and find th(* weight of the object when 
immersed in water. By suhtraeting the numher thus found from 
the weight of the object in air, determine the loss in weight of the 
solid when suspended in water. 

(/>) Another plan of determining the weiglit of an object in water 
was explained in the last section (Fig. 70). 

This loss of weight eijuals the weight of a volume of water equal 
to the volume of the solid. We can therefore write : 

Eelative density of solid = 

its loss of weight in water 
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How the relative density of a solid is determined.~The 

fact that when a body is immersed in water it loses weight 
equal to the weight of the water displaced by it, provides a 
means of determinifig the density of a solid compared with 
water. 

All it is necessary to know is : 

1. The weight of the object ; this can be determined by 

weighing it in air. 

2. Tlie weight of an equal volume of W’ater. 

The Principle of Archimedes enables this to be done in the 
following manner : 

The%object is suspended by means of a fine thread, from one 
side of the beam of a balance in such a way that it is completely 
immersed in water. Then by weighing it is found that the 
weight is less than when hanging jn air, on account of 
the loss of weight in the water. The buoyancy of the water 
acting upwards overcomes part of the pull of the earth down- 
wards. The difference in the weight of the object in air and its 
weight when immersed in water gives the weight of a volume 
of water equal to the volume of the object. From these numbers 
the density of the solid compared with water as a standard can 
be at once calculated. 

Kelative density of the\__ weight of the object in air 

solid / weight of an equal volume of water 

__ weight in air 
loss of weight in water 

To find the weight of an equal volume of water, the object 
could be placed in a graduated jar and the amount of water dis- 
placed could be taken out.and its weight determined. Or, if the 
number of cubic centimetres of water displaced is observed, 
the same number shows the weight of the displaced water in 
grams. 

Example. — A piece of lead was found to have a weight of 
100 grams in air, and when suspended in water its weight 
appeared to be 90 grams. What is its density compared with 
water ? 

What must be done with these numbers to find out the density 
of the lead compared with water ? Two facts must be known 
— ^first, the weight of the object in air, and secondly, the loss of 
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weight in water, as this gives the weight of an equal volume of 
water. The loss of weight is obtained by subtraction, thus : 

Loss of weiglit= the leld m aiJ} " { . 

= weight of 100 grams weight of 90 grams 
= weight of 10 grams. 

Density of the lead=?^ = 10. 

As the density of this piece of lead is 10, one cubic centimetre 
of it will have a weight equal to that of 10 grams. Also, since 
the weight of the piece of lead used in the example is 100 grams, 
the volume must be ten cubic centimetres. 


CHIEF POINTS OF CHAPTER VIL 

Floating bodies. — When an object floats in a liquid, the Mume of 
liquid displaced is equal to the volume of the immersed portion of 
the object. 

The weight of the liquid displaced by a floating object is equal to 
the weight of the object. 

The hydrometer. — The hydrometer is a i)ractical application of 
the principle of floating bodies. It consists of a suitably loaded tube 
which is graduated in such a manner that the level at which it floats 
indicates the density of the liquid in which it floats. 

The lactometer is a special form of hydrometer used in testing 
milk. In using it, however, certain other facts, as well as the 
density, have to be taken into account before pronouncing upon the 
purity or otherwise of the milk. 

Principle of Archimedes. — When a body is immersed in a liquid it 
loses weight equal to the weight of the liquid displaced by it. 

Expressed differently, the up-thrust experienced by an object in 
water is equal to the weight of the water displaced. 

It is in consequence of this that bodies which are bulk for bulk 
heavier than water, sink, and those bulk for bulk lighter, float. 


EXERCISES ON CHAPTER VII. 

1. Define mass, volume, and density, and state the relation that 
exists between them. 

Suppose you were given two irregular pieces of metal, one of 
which was gold and the other gilded brass. How would you find 
out, by a physical method, which piece was gold ? 

2. Explain why a ship made of iron will float in wat^r# b 
iron itself is heavier, bulk for bulk, than water ? 
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3. A numbe;* of nails are driven into a rough piece of wood, one 
cubic centimetre of which weighs 0*5 gram. It is required to find 
the weight of the nails without pulling them out. How could this 
be done by experiment ? 

4. A bottle weighs i ounces. When holding 34 ounces of shot it 
will just float in water, when holding 3 ounces it will just float in 
oil, and when holding 3J ounces it wfll just float in brine. Find the 
specific gravity of the oil and the brine. 

5. A piece of metal weighs 194 in air, and 17J grams in 

water. What is its specific gravity ? 

With what apparatus and in what manner would you find the 
weight in water ? 

6. A stone, weighing in air 1 kilogram, is suspended by a piece 
of cotton so that it is entirely immersed in water. On attempting 
to lift the stone out of the water the cotton breaks when the stone 
is partly out of water. Why is this ? 

If, when the stone is completely immersed, the cotton would bear 
an additional pull equal to the weight of 150 grams, what volume 
of the stone will Tbe out of the water when the cotton breaks ? 

7. A beaker of Water stands on the pan of a table spring balance. 
A block of iron hangs from the hook of an ordinary spring balance, 
and is gradually lowered into the water till completely submerged. 
Will there be any changes in the readings of the balances? If so, 
what changes, and why ? 

8. Two blocks of glass, each having a volume of 10 c.c., are hung 
from the scale-pans of a balance by means of hooks under the pang, 
and balance one another. Under one is brought a beaker of water, 
under the other a beaker of alcohol, so that the blocks are immersed 
in the liquids. The balance is now disturbed, and it is found that 
1*82 grams have to be added to one pan to restore equilibrium. To 
which pan has this weight to be added, what is the explanation of 
the fact, and how can you determine from the figures now at your 
disposal the density of the alcohol ? 

9. Explain the statement that ‘‘the specific gravity of iron is 
7 ’8. ” Describe one- method of finding this specific gravity. 

10. What dp we moan when we say that the “ specific gravity of 
meroury is 134 ? What things are necessary for the experimental 
deteriuination of this specific gravity ? Say how you would proceed 
to make the determination. 

11. Explain how you TOuld ascertain (1) the volume and (2) the 
speoi^io gravity of an applfe or potato. 

12. A porcelain weight of one poiind breaks into two unequal 
fragments. How could you with mt using a spring balance or 
ardinary balance detei'mine the weight of each fragment ? (Certi*^ 
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26. PEESSraiE OF LIQUIDS. 

i. Relation between pressure of liquid atd deptb.~>(a) Bend a 
piece of glass tubing, as shown in Fig. 73, the long arm having 
a length of about 40 cm. 

Mount the tube) firmly upon 
a strip of wood having half- 
centimetre divisions marked 
upon it, or upon a metric 
scale. Pour enough mer- 
cury into the tube just to 
fill the bend. Notice that 
the level of tlie mercury is 
the same in the two arms 
of the tube. 

Lower the frame into a 
tall jar of water so that the 
open end of the short arm 
of the tubes is 10 era. below 
the surface of the water. 

Notice the diderenoe of 
level of the mercury in the 
two arms, and record it. 

Lower the tubes an addi- 
tional 10 cm. and observe 
the effect. Then lower tl|© 
frame as far as it will go, 
and again note the differ- 
ence between the heights of 
the mercury in two arms. 

(6) Repeat the preceding 
exercise, using turpentine, 
or a strong solution of salt, or 
any other convenient trans 


M Fio. 73.— Arrange- 
ment for determin- 
ing the pressure ^ 


Fig. 74.- 
ment for 


Arrange- 

showing 


, water at 
dc pths. 


differeii 


that pressurein any 
particular liquid dei* 
pends only on dejplb* 


parent liquid instead of water, and record your results as , 

(c) To show that the pressure in any particular liquid dep©ni|| ^l|^ 
updn the depth, mount Wo tubes upon a frame, as shown in^Mg#‘ 74-^ 
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one with the lower opening turned upwards, and another with the 
opening pointing sideways. Pour the same <jpantity of mercury into 
the tubes. Arrange the tubes so that the lower openings are at the 
same level. Lower the frame, a few centimetres at a time, into water, 
and^ observe the difference of level of mercury product in each tube. 

' (d) Immerse the frame of tubes to any lov^ 'causes the 

mercury to rise by f clearly-marked aiholiQt. . 'i'' tin the frame to 
face in various diwsations, keeping it at the -feme depth, and notice 

pressure, as 
^ nnmcatpd by the rise of 
merpurt^ is the same in 
directions at any 
^ particular depth. Test 

jf , ^ this for several depths, 

oj il. Pressure of liquid 

f| independent of the form 

II R volume of contaln- 

I 1 I ^ vessel.— (a) Bend a 

I I short i|ngth of fairly 

I ' ‘ I ^hle gla^ tubing into 

I I ^ ^ a Li -form, as shown in 

I ^ 3 ^'- f 

1^ ^ I III pi^ce m india-rubber 

, j || tubing on the short arm. 

Ip • 1 li , i |l Pour sufficient mercury 

I I il I H ^ cover 

,1 H I I H bend. Connect a 

1. . |j ‘ ^ straight piece of gl^s 

' : 7~ M *^hber, and introduce 

water into it. Measure 
flWpj PiB liHi iililB the difFei’enoe of height 

i ' '■ of the mercury in the 

^Fio. 75.*— Experiments^ to^ahow that liquid prc8- arms produced by 

euro is independent of toatorm of containin|#' mm pressure of the 

water. Sub- 

l)v stiifffe a funnel, or a 

Curved tuBe for the straight one, and ‘fill it t^l|,c same height with 
water. Measure again the difference offheiglSiof the mercury in 
the two arms of t^ |j-tube. The pressure upon the mercury 
depends merely upon the height or the head of liquid. 

lii UpWaard pressure of Uquid.Ma) Procure a niece of wide glass 
tubing, or a straight lamp glass, naving one end flat. If stiff leather 
is available, cut out a disc of slightly larger diameter than that of 
the glass, and pass a knotted thread through its centre. If a 
leathery disc cannot he obtained, make a disc of wood or stiff card- 


Hold the disc tightly upon the flat end of the glass by 
lUefms of the thread, ^d wfiile doiim so, lower the glass into a |# 
water (Fig. 7fi)* When tilft e^nd of the glass with the disc Uptijl, 
lew itiohei below the si^aoe of the water, the thread ^|||jlr 
ahd tlie disc will be found to remain In its position* 
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Pour water very gently into the inside of the glas^ and notice the 
height inside ana out at that moment when sufiicient water has 
been introduced to make the disc drop. 

The pressure a liquid exerts depends upon the depth 
below the surface.— -Since water and other liquids are 
material substances, the)» are pulled downwards by the 
attractive force of the earth. The amount of this pull 
measures their weight. The greater the distance below the 
surface the longer is the column of USquid above any area under 
consideration ; and, as a natural consequence, the greater is the 
weight of the column of liquid above the given area. 

The weight of the column of liquid al>ove unit area, say a 
square inch, at any depth, measures the Measure of the liquid at 
that depth, and this pressure increases from the surface of the 
liquid downwards, and is, indeed, directly proportional to the 
depth. Moreover, as the pressure is measured by the weight of 
the column of liquid above unit area, it is clear that the denser 
the liquid the greater is the weight of a column of it, and the 
greater the pressure it exerts. 

The pressure per unit area exerted by a liquid depends only 
upon the depth. The direction is immaterial, a fact which is 
clearly brought out by Experiment 26 i. where it is seen that 
whatever the direction in which the open ends of the bent tubes 
containing mercury point, the difference in height of. the level 
of the mercury in the two limbs is the same when the depth of 
ends of the tubes beneath the water is the same, 
^i^latioii between the pressure of a liquid and the Area 
afbn which it acts, — The pressure upon a given area at any 
dejijlfe below the surface of a liquid is measured by the weight 
of the column of liquid above it. So long as the depth remains 
the same the pressure upon unit area, a square inch for instance, 
remains the sadie. But the larger the number of square inches 
upon which the pressure of liquid is felt, the greater the total 
pressure upon the area^ These facts may be expressed by siting 
that the total pressure *varies in proportion to the areas &£ tl^ 
surfaces at any given depth ; or, though the pressure* (whisli 
mmns per unit area) at any given depth is consta^ 
pressure is dependent upon area. ■ 

Tbesq' considerations, too, provide an explanatiqn'nf 

where, vessels of different shapes and foluilMni 
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attached, one .by one, to a bent tube with inemiry in its bend 
(Fig. 75). In the circumstances of the experiment, the ditierence 
in level of the mercury in the two limbs of the tube containing 
it remains the same, dud consequently the ])ressure exerted by 
the water is the same whichever of the variously shaped vessels 
is attached, provided that the vertical height of the lupiid in the 
tubes is the same. It is necessary to remem])er that the height 
and cross-area of the column of li(piid, and the density of the 
liquid, are the only things which alter the pressure. None of 
these factors vary, however miuL the shape of the vessel alters. 
Whatever the sluqie of the vessel, it acts just as if it were of the 
sinqile cylindrii'al form shown in the middle of Phg. 75. When 
the wide vessel is attached to the bent tube provided with 
mercury, the effective pressuie at the base is due to the water 
contained by a cylinder of cro.ss-sectional area (spial to that of 
the upper surface of the mercury, and a vertical height equal to 
lhat of the water in the ’^essel above* the mercury. 

Upward pressure in a liquid. -It has been seen liow the 
pressure at any point in a liquid is estimated, and how the 
^mount of such pressure is deter- 
min(‘d. It has also been ju'oved by 
experiment that the yiressure is the 
same in different directions. It would, 
conseiiuently, be surmised that the 
])ressure acting vertically upwards at 
a. point in a liquid is equal to the 
downward pressure of the liquid above 
^he point. That this is actually true 
is easily demonstrated by the simple 
apparatus shown in Fig. 76. A wide 
glass cylinder, one end of which is 
covered with a disc of leather to 
which a string is attached, as shown 



%*iG. — Upward pressure ofe, 

’ a liquid. ' 


in the illustration, is lowered into a 
liquid. It is found that water may 


be poured into the cylinder, without 
‘disturbing the disc, until the level of the water inside the 


cylinder becomes the same as that outside ; but, if more water 


be added, the downward pressure on the upper surface of the 
disc now exceeds the upward pressure of the outside liquid on 
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the lower surface of the disc, which is therefore forced down- 
ward. So long as the level of the water inside the cylinder is 
below that of the water outside, the upward pressure on th^ 
disc from outside exceeds the downward pressure from insidfe^,* 
and the disc is held firmly against the exld of the cylinder. 
When the water level is the same inside and outside the cylinder, 
the disc is acted upon by exactly equal upward and downward 
pressures. 


27. THE PRESSUEE OF THE ATMOSPHERE. 

i. Atmospheric pressure. — (a) Tie apiece of thin sheet india-rubber, 
such as that used in toy air-balls, over the top of a funnel. While 
the rubber remains flat the pressure is evidently the same on both 
sides of it. Blow into the funnel. Explain why the india-rubber 
is forced out. !Suck the air out of the funnel. What is pressing 
upon the outside and forcing the india-rubber into the funnel? 
8uok the air out of the funnel and place your thumb over the open 
end so as to prevent air from entering. Turn the funnel in various 
directions and see whether you can detect any difference in the 
amount of bulging of the india-rubber. If not, you may conclude 
that the pressure of the air upon the outside is the same in all 
directions. 

{b) Fill a gas collecting jar, or a tumbler having a flat rim, with 
\i^ater ; cover it with stout paper and invert. Why does not the 
water drop out ? 

(c) Place in water one tube of the Hare’s apparatus for deter- 
mining density (p. 64), and the other tube in mercury. Suck out 
the air. The liquids rise. Why? Notice the difference in the 
level of the njprcury and the water. Explain the cause of' this 
difference. Let one of the tubes of the Hare’s apparatus lie much 
wider than the other. Place the ends of the tubes in mercury, and 
suck out the air. Is there any difference in the height of the 
mercury in the largo and small tubes ? 

The pressure exerted by the atmosphere. — The gaseous 
envelope which surrounds the earth is a fluid, and the pressure 
it exerts at different distances from .the earth varies consider- 
ably. The condition of things is different from what has been 
found in the case of liquids. Gases are easily compressible. 
The consequence is, in the case of the air, that the pressure is 
greatest near the earth or at the bottom of the gaseous oceai^ 
round the globe — for so we may regard the atmosphere. 
the pressure does not increase in the same simple way as in 
case of water. At a point midway between the surface and tip 
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bottom of the water in a tank the pressure is just half of that 
at the bottom of the tank. But in the case of the air the 



Fia. 77. —A haronieter. 
Tbo preasuro of the atino 
eplicre acting uppn the 
open end of the short tube 
snpj)orta a column of mer- 
cury about ‘JO inches long 
in the closed tube. 


pressure at a height of 3A miles is just 
half that at sea-level, though the atmo- 
sphere extends for as miidi as 150 miles 
from the earth’s surface. Owing to 
the compressibility of air the lower 
layers ai (i njiK;h denser than those at a 
greater height ; they are consequently 
heavier, bulk for bulk, and are able, 
per unit volume, to exert a greater 
pressure. 

J list as in the case of water, however, 
the deeper we go into the gaseous 
envelope, that is, the nearer the earth 
we get, the greater is the pressure the 
air exerts. Or, conversely, the higher 
we ascend into the atmosphei*e, or the 
farther from the earth’s surface we 
travel, the smaller is the pressure of 
the air, simply because, as we ascend we 
diminish the column of air above us. 

28. MEASUEEMENT OF THE 
PEESSURE OF THE AIE. 

i. The principle of the mercurial baro- 
meter. Procure a haronicter tube and fit 
a short piece of mdia-ruhher tubing upon 
its open end. '^fie tlic' free end of the 
tubing to a glass tube about six inches 
long, open at both ends. Rest the baro- 
meter tube with its closed end downwards 
and pour mercury into it (being careful to 
n^inovc all air hubViles) until the liquid 
r(N‘i('lies the short tube. Then fix the 
arraiigcmont upright as in Fig. 77. The 
merenry in the long tube will be seen to 
fall so as to leave a space of a in(;be8 
betwi^en it and the closed end. The dis- 


tance between the top oi the mercury 
column in the closed tube and the surface of that in the open tube 


will be found to bo about 30 inches. 
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li. The clBtem barometer. — Procure a thick glass tube about 36 
inches long and closed at one end. Fill the tube with mercury ; 
place your thumb over the open end ; invert the tube ; place the 
open end in a cup of mer- 
cury and take away your 
thuml) (Fig. 78). Measim* 
tlie distance from tlie sur- 
face of the mercury in tlit; 
basin to the to]) of the 
nua'cury column. 

81ant tlie barometer and 
measure the vert i(;al height 
of the merciuiy by means 
of a plumb-line. Compare 
it with the previous reading. 

The mercurial baro- 
meter. — The apparatus 
represented in Fig. 77 
calls to mind the U-tubp 
rnethod of determining 
densities by balancing 
columns of liquid (p. 

63). Here, however, the 
column balancing the 
mercury in the tube A 
is not apparent. The 
experimental fact that 
the column A does not 

rush up thlOUgh 0 to Fm. 78.-- Coustrvictiuu of a barometer, 
adjust the liquid levels# , 

to equality demands exrilanation. Remember that tlie top of 
the column A is closed and protected wdiile 0 is open. Some- 
thing acts at 0 and is ^^apable of sustaining tlie column A. 
This something is the weight of the air. In fact, a column of 
air many miles high balances a column of mercury about 30 
inches high. # 

If, however, a hole were made in the closed end of the tube 
the balance would be disturbed, and tlie mei’cury would fall 
down the long tulie and flow out of the short tube 0. 

The column of mercury is kept in its position by the weight 
of the atmosphere pressing upon the sniface of the mercury 
in the short open tube. The weight of the eolvirmi of mercury 
and the weight of a column of the atmosphere with ^be same 
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sectional area is exactly the same ; both being measured from 
the level of the mercury in the short stem of the apparatus 
shown in Fig. 77, the mercury column to the top of the column 
in the long tube, ‘the air to its upper limit, which, as has been 
seen, is a great distance from the surface of the earth. If for 
any reaseh the weight of the atmosphere becomes greater, the 
mercury will be pushed higher to preserve the balance ; if it 
should become less, then similarly the amount of mercury which 
can be supported will be less, and so the height of the column of 
mercury is diminished. 

The height must in every case be measured above the level 
of the mercury in the tube or cistern open to the atmosphei*e. 
In the usual arrangement, illustrated by Fig. 77, a line is 
drawn at a fixed point 0, and the short tube is shifted up or 
down until the top of the mercury in it is on a level with this 
line. 

The student will now understand why it is so necessary to 
remove all the air bubbles in Experiment 28 i. If this is 
not done, when the tube is inverted the enclosed air would rise 
through the mercury and take up a position in the top of the 
longer tube, above the mercury. The reading would not then 
be thirty inches, for instead of measuring the whole pressure of 
the atmosphere, what we should really be measuring would be 
the difference between the pressure of the whole atmosphere and 
that of the air enclosed in the tube. In a properly constructed 
barometer, therefore, there is nothing above the mercury in the 
tube except a little mercury vapour. 

An arrangement like tkat described constitutes a barometer, 
wbicb may be defined as an instrument for measuring the pressure 
exerted by |be atmospbere. 

The cistern barometer. — Other forms of barometer are often 
employed for the determination of the pressure of air. A very 
common arrangement is that of Experiment 28 ii, which is 
a repetition of one by an Italian physicist, Torricelli The 
principle of its action is precisely that of the barometer just 
described, except that the U-tube principle is not immediately 
appai^nt. There is, however, the same balance maintained 
betiyeea the column of mercury in the tube and a column of 

j^wi^ide it, pressing down upon the mercury in the basin. 

of mercury will be supported in the tube by the 
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pressure of the atmosphere. The distance between the top of 
the column and the surface of the mercury in the cup will be 
about 30 inches, or 76 cm.,- when the tube is vertical (Fig^79, b). 
If the tube is inclined so that the closed ^nd of it is less than 
this height above the mercury in the cup (Fig. 79, c) the mercury 



Fig. 79.-4cThe atmosphere at sea level will support a column of mercury 
ui) to 30 inches, or 76 cm, in length. 


fills it completely ; and if the tul)e is less than 30 inches long, it 
is always filled by the mercury whether it is inclined or not 
(Fig. 79, a). On an average the atmosphere at sea-level will 
balance a column of mercury 30 inches in height. No matter if 
the closed tube is 30 feet long, the top of the mercury column 
will only be about 30 inches above the level of the mercury in 
the basin. 

The empty space above the column of mercury in the tube is 
often referred to as the TorriceUian vacuum. 
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29, BOYLFS LAW. 

1 Eelation betweeli pressure aud volume of ir^s. — (a) Select a ^ 
glass tul^f iftbout 20 cm. long, and deatly closed at one end (Fig. 80, A ). 



Fig, 80 ,— Twb forms of apparatus to show the relation between the 
pressure and volume of a gas. 


Tie f *|)ieoe of stout india-rubber tubing about a metre long 
u^jon tbe open end of the tube, and fix the otheifend of the tubing 
upmi a glass tube Bj about 20 . cm. long, open at both ends. Now 
fill the tubes with mercury until the level of the liquid 
It almut 10 cm. from the open end. Afterwards fix the closed 
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tube i^right in a retort stand with the sealed end upwards, place 
your nnger upon the open end of the other tube, and lower the 
open end so as to make the air pass into the closed tube. This 
apparatus will enable you to measure the expansion and com- 
pression of air. 

Support the tube B with its open end upwards, and at such a 
height that the mercury stands at the same level in the closed and 
open tubes. The imprisoned air is then at the same pressure as the 
air outside. 

If the closed tube is uniform in bore, and the inside of the sealed 
end is nearly flat, the volume of the imprisoned air is proportional 
to the length of tube occupied by the air, so that if the air is 
made to occupy one -half the original length of tube its volume is 
one-half the original volume. The pressure upon the enclosed air 
is equal to the pressure due to the column of mercury between 
the level of mercury in the closed tube and that in the open 
tube, plus the pressure of the atmosphere. Observe the height of 
the barometer, and make the difference of level of the mercury in 


the two tubes equal to it by lifting the open tube. Then record 
as follows : 

Height of the barometer, cm. 

Length of air column wlten the mercury is at the 
same level in both tubes, that is, when the im- 
prisoned air is at atmospheric pressure, - - cm. 

Height of barometer... . cm. -I- equal height in 

tube, cm. 

Length of air column under pressure of two 

atmospheres, cm. 


The pressure to which the enclosed air is subjected in the second 
case is double that in the first case ; find the amount by which 
the volume of the air, represented by the length of the air column, 
has been diminished. 

(h) Lower the open tube until the air in the closed tube almost 
reaches the india-rubber junction. Measure the length of the air 
column, and the difference of level of the mercury in the two tubes. 
Repeat the experiment by reading the volume of air and the head of 
mercury at every few ceiitimetres up to the highest point you can 
raise the open tube. Record your results as indicated below : 


Height 
of Barometer 
in cm. 

Difforence of 
Jjevel of 
Mercury in cm. 

Total ProHsure 
on the Air, 

P, 

Volume of ; 
Air, r. 

Volume X 
Total 
Pressure, 
(Px F.) 

1 






I.. 8. I. H 
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ii. A simple form of Boyle’s Law apparatus.— Procure a length of 
thermometer tubing, (Fig. 81), about 75 crn. long and 1 ram. 

bore. Seal it at B and expand the end A some- 
- » ^ what. Clamp in a vertical position by the 

-A. II sMe of a metre scale, and connect a small funnel 

I \ EIT^ to , . by means of a short piece of rubber tubing. 

\ \ = Pour a little pure, clean mercury into the funnel 

j ^ and induce it to run down the bore of the tube 

\ by inserting a thin, clean, steel wire. In this 

\ \ — way any desired volume of air can be enclosed, 

j \ ~ The length of the column of enclosed air may 

I 1 E~ taken to represent its volume (V). If j/=the 

I 1 1 : height of the barometer, and h = the length of 

I ^ E the mercury thread (both expressed in the same 

! |E- units), tlien the total pressure on the enclosed 

I i lE ^ air = (//-{- /i). 

Introduce more mercury in the same maimer, 

and in this way alter the values of V and h. 
The volume of the air under the pressure of 
the atmosphere alone can V)e observed by laying 
— the glass tube flat on the tabic. 

Perform several experiments and record your 
I results in the following way: 


Volume ( F). 

Pressure (//+ 70. 

Volume X Pressure. 





Fig. 81.— Simple 
form of apparatus 
for Vitrifying Boy le’s 
Lam ' 


Boyle’s Law. — Before a student can clearly 
understand how and why the density of the 
atmosplilre varies (p. 107), it is necessary to 
become acquainted with the rule expressing 
the relation between yie volume and pressure 
of a gas. This can be satisfactorily done by 
one of the forms of apparatus employed in 
Experiments 29 i and 29 ii., which provide a 
means of subjecting an enclosed quantity 
of air to varying pressures, by the addition 


of smaller or larger quantities of mercury. When in the 
apparatus shown in Fig. 80 the mercury in both tubes stands 
at the same level, the enclosed air is at the same pressure 
1^ the air of the room, but as the tube B is raised, the 
Ipi^roBry in it stands higher than that in and the air enclosed 
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in A is under a total pressure equal to the sum of that due 
to the atmosphere and that due to a column of mercury equal 
in length to the difference of levels of the mercury in A and B. 
In these circumstances the volume of the air* in A decreases, and 
it decreases more and moi-e as the total pressure is increased. 
When the results of experiments with any satisfactory form 
of apparatus are tabulated, certain vei*y important relations 
between the volume of a gas and the pressure to which it 
is subjected become evident. It is found that the volume 
regularly diminishes as the pressure is increased, and in the 
same ratio. The converse is also found to be true, viz., 
that when the volume of a gas increases the pressure ppon it 
has diminished, and exactly at the same rate. 

But, in both these (;ases, it is understood that the temperature 
of the gas remains the same, that is, the temperature of the gas 
under the different pressures must not alter. 

The tabulated results of the experiments reveal another 
important relation, which is, however, another way of express- 
ing those already noticed. It is found that, ^hen there is 
no alter’ation of temperature, the product obtained by mul|iply- 
ing the volume of a given quantity of gas by the pra^re to 
which it is subjected is always the same, or remainsj^nOTbt; 

These facts were discovered by Boyle, and are included in 
what is known as Boyle’s Law. It can be expressed by saying 
that when the temperature remains the same, the volume of a 
griveu mass of gas varies inversely as its pressure. Or, what 
is the same thing, the temperature remaining the same, the 
product of the pressure into the votane of a given mass of gas 
is constant. 

But it has been seen that if the volume occupied by a given 
weight of a substance is increased, its density is decreased, and if 
the volume is decr*eased, its density is increased. Therefore, by 
decreasing the volume of the enclosed air in the above experi- 
ment, its density is increased. The increase#^^^sity apm the 
increase of pressure are proportional to oniH|||H|g. It is not 
difficult to apply these facts to the case of ^^WiUB^here. It 
has been learnt that the pressure of the atmosphere decreases as 
we ascend, and we are now able to add that its density decreases 
•also and at the same rate. Therefore the densest aj^mospheii© 
that at the surface of the eaith, leaving out, of 
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of mines and other cavities below the surface, where the air is 
denser still. The air gets less dense, or rarer, as we leave the 
earth’s surface, until eventually it becomes so rare that its 
existence is practicijly not appreciable. 


30. SOME INSTEUMENTS DEPENDING UPON FLUID 
PEESSUEB. 

1. The air-pximp. — (a) Select a cork or india-rubber stop]per which 
will fit' tightly into a brass or glass tube about a centimetre in 
diameter. Bore a hole through the cork lengthways, and then tie a 
narr<tv^||fcrip of gold-beater’s skin, or oiled silk, over one end of the 
cork sl(PlB to cover the hole. iTou will find tliat the silk does not 
prevent you from blowing througu the cork from the open end, biKf 
‘that you cannot suck air through. An arrangement of this kind, 



Fio. 82.— -Model of an air-pump. 

^hicKllows a passage in one directi^ii but not in the other, is called 
a valm. Wax the cork and fit it tightly in the brass tube (which 
should be about a foot long) so that the valve is inside. Push a 
similar valve half way through another brass tube of about the same 
length, but wider, and wrap darning cotton around the stopped end 
of the narrow tube until this tube fits nicely into the wider one, and 
can be moved to and fro like the piston of a popgun. Fit a short 
U'tube into the cork at one end of the wide tube, as in Fig. 82, and 
pour a little mercury into it. The instrument you have constructed 
ill exactly the saline in principle as a simple air-pump (Fig. 83). 

Moisten the cotton on the piston, either with oil or water. 
Describe what happens to the enclosed air in the wide tube, and 


how the valves %nd the moreu^ in the U-tiibe are affected, in each 
of the following oases: (1) When the piston is pushed inwards; 
(2) when the piston is pulled outwards. Explain how such an 
instrument as this enables the enclosed air to be rarefied. 


B. The oommon pump. — Examine a glass working model of a 
common pump (Fig. 84). Use the pump to lift water, and explain 
clearly how it acts. Notice that both the valves open outwards or 
upwards as in the air-pump. 

lit. The dii^Oh.— (a) Make a siphon by bending a glass tube in a 
fish-tail gas flame : make one limb about 6 inches long and the other 
%t least a foot. Fill the siphon with water, either by placing it in a 
water and covering each open end with one of your fingers 
it out ; or, by sucking water through it as when using 
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your pipette. Allow the siphon to empty itself ; |rora which end 
does the water flow ? 

Fill the siphon again, dip the short limb in a beaker of water, and 
notice what occurs when you take your finger from the long arm. 
Fill again and let the water flow into a tall narrow vessel. Keep 
the beaker full of water and notice when the flow of water stops. 

(6) Connect two short pieces of glass tubing with india-rubber 
tubing. Fill the tubes with water, and insert the ends below the 
surface of water in beakers or flasks about half full. Lift one of the 
flasks, aild notice the flow of water which takes place. Show that 
no flow occurs when the level of liquid is the same in both vessels. 
Test ‘whether a flow takes place when the. bend of the india-rubber 
is below:’ the lower of the two vessels. 

Observe whether a siphon will act if there is a hole in it. 

/' 

The air-pump.—Several forms of air-pumps are in use, but in 
this place it will ;lj^|iiffieient to describe one of the simplest, 
that designed by 'H^i^sbee, the essential parts of which are 
shown in Fig. 83. Wfs 
the receiver, from which 
it is required to remove 
air. The plate on which 
. V rests is connected with 
a cylinder 0 by means of 
a tube, shown in the illus- 
tration, bent twice at 
right angles. At the end 
of this tube, remote from 
the receiver and just at 
the bottom of the cylin- 
der CVf is a valve v 
opening upwards; In 
the cylinder works, in an air-tight manner, a piston pro** 
vided with a valve w' opening upwards ; and a handle for 
pulling the piston up iind pushing it down is provided. The 
action is very simple. Imagine the piston to be at the bottom 
of the cylinder to begin with, and that it is then gradually 
pulled up. As this takes place, the air in the receiver and 
below the valve v is subjected to a diminished pressure, and 
consequently expands, filling the space which is formed as the 
piston moves upwards. This continues until the piston arrives 
at the end of its stroke. The piston is now pushed down. This 
compresses the air between v' and v and increases its pressi|i% 



PiQ. 83 .— form of air-pump. 
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causing the valve v to shut. But as the piston descends the 
pressure on the under surface of the valve v' becomes greater 
than that of the atmosphere upon its upper surface, with the 
result that the valvj v' opens upwards and the air in the space 
vv' rushes through the open valve into the outside air. The 
final result, when the piston reaches the bottom of the cylinder, 
is that there is less aiip in the receiver and tube connecting 
therewith than there was originally. As the piston is worked 
up and down the same opening and shutting 
of valves is repeated, with the result, that 
by and by, all the air is removed from the 
receiver. 

The common pump.—After examining a 
glass model like that shown in Fig. 84, 
there is no ditticiilty in undeistanding the 
action of a common pump. To begin with, 
suppose that the pump is full of air and 
that the end of the tube below the valve 
h is dipped into a basin of water. The 
piston ec is, to start with, at the bottom 
of its stroke near the valve b. As the 
piston is raised the air in the cylinder above 
b expands, and its pressure consequently 
decreases, the pressure on the lower surface 
of the valve b is, therefore, soon greater 
than that on its upper surface and it is 
pushed upwards by the air below it, the air 
flowing into the cylinder acb. The result of 
this is that the air in the cylinder below the 
piston 18 of a lower pressure than that of 
the outside air, and aa"a consequence Vater is pushed up the 
tube 6. This action continues until the piston reaches the end 
of its stroke towards the top of the pump. 

As the piston descends, the air in the cylinde^below the 
piston c is compressed ^ and its pressure becouaes gradually 
greater. ^This closes the valve b and opens that in c, through 
which lat^it, of course, the air in the cylinder escapes. On 
raising the piston again the same effects are repeated until all 
the air in tne pump is removed and the outside air pushes the 
water m until it reaches the spout and escapes. 



Fio. 84. — Model of a' 
common pump. 
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It has been learnt that the air is able to support a column of 
mercury 30 inches in height, and as mercury is about 13^ times 
heavier than water it is clear that the air could support a 
column of water of a height equal to 

30 inches x 1 3| = 2| x 1 3| ft. = ^3| ft., 
and it will at oiiee be understood, sinfe the efficacy of the 
common pump depends wholly upon pressure of the air, 
that theoretically the spout of the puihp must never be more 
titan 33| feet from the level of the water. Practically the .spout 
oi an rrjjinary pump cannot be much more than 30 feet above 
the leve®l the watei*. 



Fig. 86.— To explain how the action of a siphon depends upon, atmov 
spheric pressure. * 

The siphon. — The siphon is a simple 
be easily understood after what has b^n said about atmoa^eric 
pressure. It consists usually of a bent tube, one leg of which is 


instrument 


WL 


ich can 
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longer than the other. It is filled with the liquid to be trans 
ferred from one vessel to another, and while both ends of the 
tube are kept closed, the shorter limb is placed into the vessel 
of liquid. The result is that the liquid flows until the level of 
the liquids is the s&me in both vessels, or the higher liquid has 
been siphoned to the lower level. 

Suppose a siphon having limbs of ecpial length to be placed with 
the ends in two jars containing mercury at the same level, as in 
Fig. 85, A, For simplicity, suppose each tube to have a length 
of 30 inches, and let the surface of the mercury in each vessel 
be 12 inches from the bends of the tube. Under normal condi- 
tions the atmosphere is able to support 30 inches of mercury, 
but in the case illustrated the height of the mercury columns is 
only 12 inches. There is thus a surplus atmospheric pressure 
equal to 18 inches of mercury acting on the surface of the 
mercury in the jars ; but as it is the same in each, the mercury 
in the bent tube does not move. 

But now consider the conditions represented in Fig. 85, B, 
The 30 inches of mercury in the left-hand tube just balances the 
atmospheric pressure on the surface of the mercury into which 
it dips. On the right-hand side, however, the mercury column 
is only 12 inches high, so there is a surplus atmospheric pressure 
equal to 18 inches of mercury. The mercury is therefore forced 
through the tube, and the flow goes on until the level is the 
same in each vessel. It is thus seen that the force tending: to 
push the liquid up an arm of a siphon is equal to the atmospheric 
pressure minus the pressxire due to the liquid in that arm. 

Since the instrument depends upon the pressui’e of the atmo- 
sphere for its efficiency, it is clear that if the bend of the siphon 
is at a greater height above the level of the liquid than that 
which can beeupported by the pressure of the atmosphere, then 
the siphon will not p.ct. 

When the liquid is water, the height of the bend above the 
higher liquid surface must not exceed 33 feet (p. 119), and when 
mercury is being transferred by a siphon, this height must be 
under k) inches. 
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CHIEF POINTS OF OHAPTEE VIII. 

Pressure on liquids. —Liquids communicate pressure equally in all 
directions. The pressure per unit area which a liquid exerts depends 
only upon the depth below the surface — the direction is immaterial. 
The toted pressure on any area within a liquid varies with the area 
considered. The pressure acting vertically upwards at a point in a 
liquid is equal to the downward pressure of the liquid above the 
point. 

The pressure of the atmosphere is due to its weight. The pres- 
sure diminishes as an ascent from the earth is made. At a height of 
miles the pressure is only one-half that at sea-level. 

The barometer is an instrument for measuring the pressure 
exerted by the atmosphere. The pressure of the atmosphere 
balances a column of mercury about 30 inches in height. 

Boyle’s Law states the relation between the volume and pressure of 
a gas. It can be expressed by saying that, the temperature re- 
maining the same, the volume of a given mass of gas varies inversely 
as its pressure. Or, what is the same thing, the product of the 
pressure into the volume of a given mass of gas is constant. 

The air-pump is an instrument for removing the air from a closed 
vessel or space. 

The common pump and the siphon depend for their action upon 
the pressure exerted by the atmosphere. 


EXEEOISES ON CHAPTER VIII. 

1. Some deep-sea animals, when brought to the surface, become 
very much larger. Why is this ? 

2. Describe a simple experiment to show that the pressure in a 
liquid increases with the depth below the surface. What pressure, 
expressed in grams’ weight, would be exerted upon a square of glass 
of a decimetre side immersed to a depth of 10 metres in the watdr of 
a lake ? 

3. How would you prove to a class that the upward pressure per 
unit area at a depth of 10 feet below the surface of the sea is equal 
to a column of water 10 feet high and unit area in cross-section ? 

4. Given a glass tube, thirty-two inches long, closed at one end, 
a bottle of mercury (quicksilver), and a small cup. State how you 
proceed (a) to construct a barometer, and (b) to show the readings of 
this barometer. 

5. State the principle on which the action of a mercurial barometer 
depends. Why is a water barometer longer than a mercurial baro- 
meter ? What occupies the space above the mercurial column in the 
latter instrument? If a hole were to be bored through the glass 
above the column of mercury, what would happen ? 
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6. How can the weight of the air be determined ? In what way is 
the pressure exercised by the atmosphere on the earth’s suiiaoe, in 
consequence of its weight, stated ? How is it that we are able to 
move about under the weight of the atmosphere ? 

7. Enunciate the lltw associated with the name of Boyle. Describe 
a simple form of apparatus to prove that, if a given mass of air is 
acted upon by a pressure twice as great as that of the atmosphere, 
its volume becomes one half what it was originally. 

8. Draw a common pump, and explain how it acts. At what 
depth will such a pump become ineffective ? 

9. What is a siphon ? What experiments would you perform to 
explain its action to a class ? 

10. Make a sketch of some form of air-pump knd describe how 
the instjhinent enables the air to be removed from a closed vessel. 

11. A^ut what height does the mercury column of the barometer 
generally stand ? Explain why the tube must be kept in a vertical 
position. 

12. What do you know about the contents of that part of the 
barometer tube which is not filled by the mercury ? What simple 
experimental proof of the truth of your answer can be given? 

13. Three similar bottles of water are turned upside down, the 
first under water, the second free to tlie air, tlie third free to the air 
but fitted with a cork, through which a narrow hole has been drilled. 
Compare and explain what happens in each case. 



CHAPTER IX 


EFFECTS OF HEAT. THERMOMETERS. 

31 EXAMPLES OF EXPANSION BY HEAT. 

i. Expansion of solid3.^-(a) Take <a metal ball suspended by a 
chain as shown in Fig. 86/an(l suspend it ))y the side of a metal 
ring, through whuhi it just pass''-; ('asily. Heat tlu' ball in a labora- 
tfm- burner for a |ew minutes nd tluai try to drop it through the 
It IS too largo and rests on the ring. Now allow it to cool 



Fin. 86. — Apparatus for showing’ that Fio. 87.— Compound atrip of ebonite 

a metal ball is larger when hot than it and wood to sliovv the ;;rcater expan- 
is Ti^lacn cold. ^ sion of ebonite when heated. 

slo^vly and notice that after a short time it gets smaller and will 
slip through. 

{h) Solder a ^rip or wire of brass, about two feet long, to one of 
iron of the safme length. Straighten the compound strip by 
hammering ; then heat it. Notice that the strip bends, because the 
brass expands more than the iron. The same effect can be shown 
by means of a strip of ebonite glued to a strip of wood, on aooount 
of the ebonite expanding more than the wood (Fig. 87). 
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li. ilKpaniion of liquids.— (a) Procure a 4-oz. 
flask and fit it witli a cork. Bore a hole 
through the cork and pass through it a long 
glass tul)e which fits tightly. Ful the flask 
with water coloured with red ink. Push the 
cork into the neck of the flask and so cause the 
coloured water to rise up the tube. See that 
there is no air between the cork and the water. 
Nctw dip the flask in warm water, and notice 
tliat the liquid soon gets larger and rises up 
the tube (Fig. 88). Take the flask out of the 
warm water, and see that the coloured water 
gets siftaller as it cools, and that it sinks in the 
tube. 

(6) Arrange two other flasks as in the last 
experiment, but filled respectively with alcohol 
and turpentine. Push in the corks till the 
liquid stands in each tube at the same height. 
Fig. 88. —The expansion flasks to tlie same depth into a vessel 

o£ a liquid. of warm water. Notice that the expansion of 

the i^sa causes a momentary sinking of the 
licj[u^<^; and that ultimaMy the 
expansions of the liquids are very 
different. 

ill. Expansion of gases.— (<») 

Procure a well-made paper bag 
and tightly tie a piece of tape 
round the open end. Hold the 
bag in front of the fire, and notice 
that tho air inside gets larger and 
inflates the bag. 

(/;) Or, obtain a flask with a 
cork and tube as iq. Fig. 89, i* 

Remove the cork aUd^lJtibe, and, 
by suction draw a little red ii^ 
into the end of the tube near the 
cork. . Re-insert the cork, and 
gently warm the flask by clasping 
it in your hands. Notice that 
the air in the flask gets larger 
and pushes the red ink along the 
tube. 

(c) Turn over and place the 
open end of the tube beneath the 
surface of some coloured water in 
a beaker. Warm the flask with 
the hotid hr a flame so as to expel 
some of the air, and let the liquid 
ri»© iiilihe stem (Fig. 89, ih). This 

constitutes an air Fig. 89.— Experiments to show the 
expansion of air by heat. 
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{d) Fasten in an air-tight manner two bulbs or flasks together b;^ 
a tube bent six times at right angles, and containing some coloured 
liquid in the middle bends (Fig. 90). 

Show that the liquid moves if one 
flask is warmed more than the other. 

This instrument is known as a differ- 
ential thermometer. 

Change of size. Expansion. — As 

a?* rule all bodies, whether solid, 
liquid, or gaseous, get larger when 
heated, and smaller when cooled. 

The change nf size which a body 
undergoes is spHten of as the amount 
it expands or contracts ; or, heat is 
said to cause expansion in the body. difforentiai1hl?mome™r. 
This expansion is regarded in three 

ways. When dealing with solids, expansion may take place in 
length (linear expansion), in area (superficial expansion), and in 
volume (cubical expansion). In the case of liquids and gases we 
have only cubical expansion. Similar terms can be used with 
reference to contraction. 

The expansion which substances undergo when heated must 
be allowed for in many engineering projects. Railway lines, for 
instance, are usually not placed close together, but a little space 
is allowed between the separate rails, so that they can expand in 
summer without buckling. Steam pipes used for heating rooms 
are also not fixed firmly to the walls at both ends, but are left 
slightly loose or »are loose-jointed, so that they can expand or 
contract without doing any damage. For the same reason the 
ends of iron bridges are not fixed to the supports upon which 
they rest. Iron tyres are put on carriage wheels by first heating 
the tyre, and while it is hot, slipping it over the wheel. As the 
tyre cools it contracts and clasps the wheel tightly. 

The common occurrence in domestic Jife of the cracking of 
thick glasses, when boiling water is poured on them, may be 
explained by this expansion of solids by heating. The part of 
the glass with which the hot water comes in contact is heated 
and expands ; but the effect is quite local ; the heating is con- 
fined to one spot, because glass does not allow heat to pasa 
througb it readily. It is this local expansion of the glass which 
results in the cracking of the vessel. 
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It is not to be supposed, however, that substances always 
expand on being heated ; it will be learned later that water, 
under certain conditions, shrinks in volume as its temperature 
rises. A piece o/ rubber, too, stretched by a weight, con- 
tracts considerably on being heated. This lesult is, however, 
deceptive. TJn stretched rubber acts in the usual way and 
expands as its temperature rises. The explanation is that hot 
rubber is not so easily stretched as cold. The amount of stretch 
due to the weight is lessened, and masks the expansion due to 
the heat. 

Measurement of change of temperature.— Change of tem- 
perature means change in the state of hotness or coldness of a 
body. The change of size which takes place when a thing is 
heated gives a good way of measuring the change of temperature 
which it undergoes. Think of the experiment with the coloured 
water in the flask with a long tube attached to it. Suppose the 
coloured water in the tube rises through a certain number of 
inches after the water has been heated, and that when the 
flask is placed into some other liquid, or some more water, the 
coloured water is found to rise up the tube to just the same 
place, we should have every right to say that the second liquid 
is exactly as hot as the first was. This plan provides a means 
of measuring temperat\ire. The flask and tube with the water 
have become a ‘‘ temperature measurer,” that is, a thermometer. 


32. TEMPERATURE AND THERMOMETERS. 

i The sense of feeling may be deceived.— Arrange three basins 
in a row ; into the first put water as hot as the hand can bear, into 
the second put lukewarm water, and fill the third with cold water. 
Place the right hand into the cold wateF and the left into the hot, 
and after half a minute quickly put both into the lukewarm water. 
The' left hand feels cold and the right hand warm while in the same 
water. 

ii. Measuring temperature.— (a) Place the flask of water, with 
fitted tube used in Expt, 31 ii. (a), in hot water, and notice the 
height of the liquid in the tube. Transfer it to cold water, and 
observe that the liquid in the tube sinks. 

(6) Procure, or make, a thermometer tube with a bulb at one end. 
With a little practice it is easy to blow a bulb upon a piece of 
thermometer tubing. One end of the tubing is held in a blow-pipe 
flame and twirled round until the glass melts and runs together so 
as to seal up the tube. A small blob of glass is then aUowed to 
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form, and while the glass is molten the tube is taken out of the 
flame and blown into steadily. To introduce mercury afterwards, 
heat the bulb and while it is hot invert it and put the open end 
into mercury. As the bulb cools, mercury will ..ise in the tube and 
take the place of the air driven out of the tri)e by heat. Repeat 
the operation until the mercury fills the bulb and part of the stem. 

(c) Place in hot water the bulb of the instrument 

just constructed, and make a mark at the level of 
the mercury in the tube. Now place the instru- ^ ^ 

merit in cold water-, and notice that the mercury 
sinks in the tube. The mercury is thus seen to 
expand when heated and contract when cooled. 

(d) Examine a thermometer. Notice that it is 
similar to the simple instrument already described, 
but the top is sealed up, and divisions or graduations 
are marked upon it, so that the height of the 
mercury in the tube can be seen easily. These 
divisions are called degrees (Fig. 91). 


Feeling of heat and cold. —Some people feel 
cold at the same time that others feel warm. 

It is easy to understand that the sense of feeling 
cannot be depended upon to tell us accurately 
whether the air or any substance is hot or cold. 

Some instrument is needed which does not 
depend upon feeling, and cannot be deceived in 
the way that the senses can. Such an instru- 
ment is called a thermometer, and it is used to 
measure temperature, that is, the degree of 
hotness or coldness of a body. 

How expansion may indicate temperature. 

— It has already been learned that substances 
usually expand when heated and contract when 
cooled. A flask filled with water, for instance, 
and having a stopper through which a glass tube 
passes, can be used to show the expansion pro- 
duced by heat and the contraction by cold. But 
this flask and tube make but a very rough 
temperature measurer. The water does not get larger to the 
same amount for every equal addition of heat. Neither is it 
very sensitive, that is to say, it does not show very small 
increases in the degree of hotness or coldness, or, as the student 
must now learn to say, it does not record vei*y small differences 
of temperature, and for a thermometer to be of value it must 


I 


I 


Fig. 91.~Ther- 
momoters of the 
form used for 
scientific work. 



128 


LESSONS IN SCIENCE 


do this. Then, too, as every one knows, if water is made vpry 
cold it becomes ice, which, being lai’ger than the water from 
which it is made, would crack the tube. For many reasons, 
therefore, water is Kot a good thing to use in a thermometer. 

Choice of things to be used in a thermometer. 

1. The substance used should expand a great dead for a smaU 
increase of temperature. 

Gases expand most, and solids least, for a given increase 
of temperature. Liquids occupy a middle place. The most 
delicate thermometers are therefore those where a gas, such as 
air, is the substance which expands. But in common thermo- 
meters a liquid, either quicksilver or spirits of wine, is used. 
Both these liquids expand a fair amount for a given increase of 
temperature, and, to make this amount of expansion as obvious 
as possible, they are used in fine threads by making them 
expand into a tube with a very fine bore. 

2. If a liquid is used it should not change into a solid unless cooled 
very much, nor into a gas unless heated very much. 

It is difficult to be sure of both these things in the same 
thermometer. When a thermometer is required for measuring 
very low temperatures it usually contains spirits of wine, because 
this liquid has to be cooled a great deal before it is solidified, 
that is, made into a solid. But this thermometer cannot be used 
for any great degree of temperature because spirits of wine is 
soon changed completely into a vapour when heated to only a 
comparatively small extent. If we wish to measure higher 
temperatures we use a quicksilver or mercury thermometer, 
because mercury can be warmed a good deal, or, as it is better 
to say, raised to a high temperature, without being changed into 
a gas. . ^ 

3. The liquid should be in a fine tube of equal bore with a 
comparatively large bulb at the end. 

Liquids have to be contained in some sort of vessel or else 
they cannot be kept together. There must be a fine bore, so 
that the liquid may appear to expand very much for a small 
change of temperature. The bore must be equal all the way 
along, that is, the width or diameter of the inside of the tube 
must be the same all the way along, so that a given amount 
of expansion in any part of the tube shall mean the same 
change of temperature ; and, lastly, there must be a large 
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bulb, so that there is a large surface to take the same tem- 
perature as that of the substance the temperature of which is 
being measured. 

Reasons why mercury is used for theilnometers.—There 

are many reasons for selecting mercury as the liquid for an 
ordinary thermometer in addition to* those 


already mentioned. 

It is a liquid the level of which can be easily 
seen. 

It does not wet the vessel in which it is 
contained. 

It expands a considerable amount for a 
small increment of temperature. 

It is a good conductor of heat, and conse- 
quently it very quickly assumes the tempera- 
ture of the body with which it is placed in 
contact. 

Very little heat is required to raise its 
temperature, and there is therefore very attle 
loss of heat due to warming the thermometer. 

Construction of a thermometer.— Having 
selected a suitable piece of thermometer 
tubing, first a bulb must be blown on one 
end. The glass is melted at this end and 
allowed to run together and so close up the 
bore. While the glass is still molten, air is 
blown down the tube from the other end, 
the tube being moved round, so that the bulb 
may be placed symmetrically with reference 
to it. The bore of the ttube is so fine that 
it is impossible to pour the liquid down it ; 
some other plan must therefore be adopted. 



i. ii. 


Fig. 92. — Ther* 
niomefers in course 
of construction ; (i) 
tube enlarged at 
top ; (ii) tube with 
small funnel at- 
tached. 


The top of the tube may be enlarged into 


the shape shown at A in Fig. 92, or a small funnel may be 
connected with it, as at 5, and the liquid with which the 
thermometer is to be filled poured in. Let us suppose mer- 
cury is being used. Warming the tube makes the air inside 
it expand, and of course some is driven out. As [the tube cools 


the mercury is forced in, by the weight of the atmosphere, to 
fill the place of the expelled air. By repeating this 8|lternate 

'l4»S, :i. I 
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process of warming and cooling, in the circumstances described, 
enough mercury is soon introduced into the tube. The next 
step is to seal up the tube, leaving no air above the mer- 
cury; to do this the bulb is heated to a temperature slightly 
higher than the thermometer is expected to register. The 
mercury expands, and when it has reached the drawn-out part, 
(7, of the tul)^, a blow-pipe flame is directed against the glass, 
and the tube is thus closed up. This method of closing a tube 
and keeping the air out is called hermetically sealing it. The 
thermometer at this stage should be put on one side for some 
days at least, in order that it may assume its final size, which it 
does ver^ slowly. 




33. GBADUATION AND USE OF THEBMOMETEBS. 

i. The temperature of melting ice. — (a) Place some pieces of 
clean ice in a beaker or test-tube and push a thermometer amongst 
them. Notice the reading of the thermo- 
meter ; it will be either 7io def/rees (0°) or 
very near it.^ Warm the beaker or test- 
tube, and observe that as long as there 
is any ice unmelted the reading of the 
»thermometer remains the same. 

(b) Repeat the experiment with pieces 
of some other blocks of ice, and observe the 
important fact that the temperature of 
clean melting ice is the same in all your 
tests. 

it Effect of adding salt to the ice. — 

(a) Add salt to the melting ice, and notice 
that the thermometer indicates a lower 
degree of temperature. 

iii. The temperature of boiling water. — 
(a) Boil some ^istilled water in a flask, 
test-tube (Fig. 93), or beaker, and hold 
a thermometer in the boiling water. 
Notice the temperature. Raise the ther- 
mometer until the bulb is just out of the 
water and only heated by the steam. 
Again record the temperature. In both 
oases the reading is the same. It is 
either o?ie huTidrea degrees (10(f ), or very 
near it, if you use a thermometer with Centigrade divisions. 

{h) Repeat the experiment with a second lot of pure water, and 
not© that the temperature of boiling water is again about 100®. 

^ A Centigrade thermometer is supposed to be used. If a Fahrenheit thermo- 
meter is ufed the reading win be 32 . 



Fia. 93.— Test-tube with 
thermometer fitted for ob- 
serving the boiling point of 
water. 
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(c) Add salt to the water. Hold a thermometer in the steam of 
the boiling water, and notice that the temperature is the same as 
before, namely, 100®. Push the thermometer into the water, and 
notice that a higher degree of temperature is indicated. 

(d) Again place the thermometer in clean '4co in a test-tube or 
flask. Gently heat the vessel, and notice the following changes : 

(1) The mercury remains at 0® until all the ice is melted. 

(2) When the ice is melt/cd the mercr.ry rises gradually until it 
reaches 100®. 

(3) The mercury remains stationary at 100® until all the water is 
boiled away. 

iv. A thermometer cannot toe deceived. — Arrange three basins of 
cold, lukewarm, and hot water side by side. Place the thermo- 
meter in the cold water and then in the lukewarm water. Notice 
the temperature indicated in the lukewarm water. Now place the 
thermometer in the hot water, and when it has been there a minute 
or two put it into the lukewarm water. Notice that the tempera- 
ture indicated is practically the same as before. It is thus seen 
that, unlike our sense of feeling, a thermometer is not deceived by 
being made hot or cold before using it to indicate temperature. 

V. The clinical thermometer. — Examine a clinical thermometer. 
Notice the large space between separate degrees. Observe that just 
alK)ve the bulb the bore of the thermometer is constricted. Hold 
the bulb in your hand and watch the expansion of the mercury. On 
exposing the thermometer to the air and allowing it to cool, notice 
that the mercury thread breaks at the constriction. The mercury 
can be shaken back into the bulb (Fig. 97). 

The fixed points on a thermometer. —In the graduation 
of a thermometer the plan usually adopted is to choose “two 
fixed points” from which to number degrees of temperature. 
The most convenient lower fixed point to select is the tem- 
perature at which ice melts, or water freezes, for this is always 
the same if the ice is pure, and remains the same so long as there 
is any ice left untnelted. Whenever the .thermometer is put 
into melting ice, the mercury in it always stands at the same 
level ; or melting ice is always at the same temperature and thus 
may be used to give one fixed point. The “ higher fixed point ” 
chosen is that at which pure water boils at the sea-level. This 
stipulation must be made, for the boiling point of a liquid is 
altered when the pressure upon it is changed, being raised if the 
pressure is greater, and lowered if the pressure is less. When 
the water boils, the temperature of the steam is the same as that 
of the water, and remains so as long as there is any water left. 
The lower fixed temperature is referred to as the “Freezing 
Point of Water,” and the higher as its “ Boiling Point,” 
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Marking the freezing point. —For this purpose an arrange- 
ment like that shown in Fig. 94 is very suitable. The funnel is 
filled with pounded ice, which before powdering has been 
washed carefully : or snow may, if more convenient, be used. 
The glass dish catches the water which is formed from the 
melting of the ice or snow. A hole is made in the pounded ice 
by thrusting in a pencil or glass tube about the size of the. 



FlO. 94 ^Thermometer in icf Tor the Fio. 95. — Flask fitted for the dete% 

ojporvation of freezing pojpt. mination of boiling points. 

thermometer, and into this hole the thermometer is put and is 
so supported that the whole of the mercfiry is surrounded by 
the ice or snow. The arrangement is left for about ten . or 
fifteen minutes, until it is quite certain that the tube Smd 
mercury are at the same temp^fature as the melting ice. When 
this is so the tube is raised until the mercury is just above the 
ice, and a fine scratch is made with a three-cornered file on the 
tube at the level of the mercury. 

ICarkiiig the boiling point.— On account of the condensation 
of vapour upon the thermometer, the method used in Expt. 33 iii 
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to find the boiling point is not a very accurate one. More 
exact determinations can be made by means of the apparatus 
shown in Fig. 95. A can or flask F is fitted with a cork, 
through which a glass or brass tube B passes. Surrounding 
this tube is a wider tube (7, fitted upon the inner tube by 
means of a piece of thick india-rubber tubing D. At the top of 
the outer tube is a cork E having a hole in which a thermometer 
can be fitted. When the water in the flask is boiled, steam 
passes up the inner tube and down the wide tube C, and 
escapes at the outlet G into the open air. To use the apparatus, 
the top of the stem of the thermometer being graduated is 
pushed gently into the cork which fits in the outer tube, and 
adjusted so that the point reached by the mercury at the 
temperature of boiling water is just above the cork. The cork 
is then fitted into its place, the water boiled, and when steam 
has been coming off for about a quarter of an hour, an obser- 
vation is made of the point reached by the top of the mercury 
in the tube. The observation is repeated after a few minutes, 
and when two readings obtained at an interval of about ten 
minutes agree, the point at whicli the top of the liquid stands 
is marked upon the stem. The temperature observed is the 
boiling point of water under the particular conditions existing 
at the time and place of the experiment. 

Precautions necessary in marking the fixed points.— Since 
experiments have shown that the mixture of common salt with 
ice or snow lowers the temperature of the ice or snow, great 
care must be taken that pure clean ice is used when the lower 
fixed point of a thermometer is being marked. It must also be 
noted that the presence of substances other than common salt 
similarly have an effect §n the temperature. 

The temperature of a boiling solution of common salt in water 
is higher, too, than that of the steam which is given off from it. 
Moreover, since it is the temperature of the steam from boiling 
water which alone remains constant at the sea-level (the nature 
of the containing vessel and the presence of substances in 
solution affecting the temperature of the liquid), in marking the 
higher fixed point of a thermometer the instrument should be 
surrounded by the steam and not placed in the liquid. It will 
be seen more fully later that an increase of atmospheric pressure, 
represented by an increased barometric height, raises the 
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temperature at which water boils, hence the height of the 
barometer must be recorded when the higher fixed point is 
being marked. 

Thermometer scales. — Some value must now be given to 
the two fixed points which have been obtained as previously 
described, and of course they could be called anything the 
maker of the thermometer liked, but for the sake of comparing 
one man^s observations and experiments with those of other 
people, it is most convenient to graduate all thermometers in 
the same way. The thermometers used in this country are 
divided up in two ways — (1) the Centigrade scale, (2) the 
Fahrenheit scjile. A third scale — the Ecaumur scale is exten- 
sively used in Germany. 

The Centigrade scale. — Here the freezing point is called 
zero or no degrees Centigrade, written 0° C. The boiling point 
is called one hundred degrees Centigrade, and is written 100” C. 
The space between these two limits is divided into 100 parts, 
and each division called a degree Centigrade. 

The Fahrenheit scale. — On thermometers marked in this 
way the freezing point is called thirty-two degrees Fahrenheit, 

written 32” F., and the 
boiling point two hun- 
dred and twelve degrees 
Fahrenheit, written 
212” F. The space 
between the two limits 
is divided into 180 
parts, and each divi- 
sion is called a degree 
Fahrenheit. The reason 
of this difference is 
interesting. The phy- 
sicist Fahrenheit, after 
whom the thermometer 
is named, obtained a 
very low temperature, 
by mixing common 
salt with the pounded ice when marking the lower fixed point, 
and he wrongly imagined that he hpd obtained the lowest 
temnerature which could be reached, and called it zero. 
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The B^aumur scale. — Upon thermometers graduated accord- 
ing to this scale the freezing point is marked 0” and the boiling 
point 80°. The relation between the three scales 


is shown in Fig. 96, ^ 

The doctor's thermometer. —For the measure- 
ment of the temperature of the body, what is 
termed a clinical thermometer is best* (Fig. 97). 
As the temperature of the living human body 
is never many degrees above or below a tem- 
perature of 98° F., a clinical thermometer is only 
graduated from about 95° F. to 110° F. If the 
bulb of such a thermometer is put into the mouth, 
or under the armpit, of a person in health, and 
left there for two or three minutes, it will be 
found, on taking it out, to indicate a temperature 
from 97°*8 F. to 98°*6 F. The thread of mercury 
in the stem of the thermometer remains in one 
position, though the air is cooling the mercury 
while the thermometer is being read. This is 
because of the constriction at the top of the bulb, 
which causes the thread of mercury in the stem 
to be left behind while the mercury in the bulb 
contracts. To “ set ” the thermometer for a fresh 
observation, it is only necessary to jerk it slightly, 
when the thread of mercury will again join up to 
the liquid in the bulb. 


31 COEFFICIENTS OF EXPANSION. 



riu. A 

i. Coefficient of expaneion of a solid. —Procure clinical ther- 
and examine the apparatus shown in Fig. 98, if mometer. 
necessary, fitting the parts together. Notice that 
AB is a glass, or metal, rod resting in a groove at Ai, against a 
weight and rolling on a needle on a ^ass bed at B, Fix a 
split straw pointer to the needle to move against the graduated 
quadrant E. Observe that CD is a tube of wide bore fixed on the 
rod by means of corks and having an inlet for steam at O and an 
escape at D. When the apparatus is in adjustment take the 
temperature of the room in the neighbourhood of the apparatus, and 
then pass steam through CD for 6 or 10 minutes. Note what part 
of a whole turn the pointer moves through. Obtain the diameter of 
the needle by placing several similar needles in a row, measuring the 
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total breadth and dividing by the number of needles. Obtain the 



Fig. 98.— Apparatus to show tho exi>aiision of a rod. 


actual movement of the end B of the rod by multiplying together 
the fraction of a rotation shown by the index and the circumference 
of the needle. The latter is 3Jth times the dia- 
^ meter of the needle. Assuming the steam to be 

at 100*" C. obtain the rise of temperature of the rod. 
Then calculate thus : 

A length of cm. of the metal or glass ,rod 

c when raised degrees expanded cm. 

y Therefore 1 ern. of tho rod when raised 1 degree 

I expands cm. 

The value so obtained is the coefficient of 
expansion of the material of the rod used. 

ii. Coefficient of expansion of liquids. — (a) Close 
one end of a glass tube about 30 cm. long and 3 
nirn. bore. Partly fill the tube with water, and 
fasten it to a thermometer by means of threads 
or india-rubber bands (Fig. 99). Place the com- 
bination in melting ice, so that the water is 
surrounded hy the ice, and observe the degree 
on the thermometer, level with the surface of the 
water in the tube. Repeat the operation with 
the combination successively in water at 50°, 60°, 
70°, 80°, and 90°, taking care that the water in the 
tube is completely immerseil. Now take the com- 
bination out of water,* and measure the distance 
from the bottom of the tube to the point at which 
Fig. 99. — Appa- the surface of the water stood in each case, 
r.pansionof liquids? care that the tube does not move. Record 

the obsen^ations thus ; 


Tbmperatuhe. 


Length of 
Water Column. 


Increase of 
Tkm pebature. 


Increase of 
Length. 
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Find from these results, the average increase of length for 1® 
rise of temperature, and the fraction which this increase is of the 
^orfginal length. 

As the tube is uniform in bore the lengths of the column of water 
are proportional to the volume of the water, so that the results will 
show the increase of the volume of water for a rise of temperature 
of 1°, expressed as a fraction of the original volume. 

(b) Repeat the preceding experiment, using turpentine, alcohol, 
or mercury instead of water in the tubef and find in the same way 
the fraction of its volume at 0° by which the liquid expands for 
a rise of temperature of 1“ C. 

iit Coefiacient of expansion of a gaB.~Obtain a piece of thermo- 
meter tubing of about 1 mm. bore and 20 cm. long. Suck into it a 
length of about 1 cm. of mercury. Seal one end of the tube and 
arrange that the index of mercury comes near the middle of the tube 
when the end has been closed and the tube is cool. Fasten the tube 
to a thermometer, closed end downwards (Fig. 100). You have in it 
a certain volume of air, and can find the volume at different tem- 
peratures as you did with liquids. Place the combined thermometer 
and tube in melting ice and notice the position of the air column 
with reference to the thermometer scale. Repeat the operation for 
every 10° up to 100° C. , taking care that the air column is immersed 
completely in each case, and giving the tube two or three taps before 
making an observation, in order to make sure that the mercury is 
not sticking to the tube. Record your observations thus : 


Temperature. 

Lenutit of Air 
COI.TJMN. 

Expansion for 
10" C. 

Average 
Expansion for 

r c. 






As the tube is cylindrical and uniform in bore, the volume of the 
air in it is proportional to the lengths of the air column. The 
average increase of voluriie for 1° C., expressed as a fraction of the 
volume at 0° C., is the coefficient of expansion. Find from your 
results the coefficient of expansion of air. 

When a gas is heated in circumstances where, as in these experi- 
ments, free expansion is possible, it is said to expand under a 
constant presmire. Both at the beginning of the experiment and 
after the gas has been heated, the pressure to which it is subjected 
is simply that of the atmosphere. 

Measurement of expansion.— While a definite rise of tem- 
perature causes most bodies to expand, the amount of the 
expansion varies within wide limits. In the case of certain 



138 


LESSONS IN SCIENCE 


special alloys it is almost negligible, while gases expand more 
than double their volume on being heated from O'* C. to 300“ C. 

Having now a means at command of measuring tempera- 
tures, a more exact comparison of expansions becomes possible. 
The coetQicient of expansion is the term used for the rate of 
expansion when the temperature is increased. In the case 
of solids we are usuallj- concerned with the linear coefficient 
of expansion, while for liquids and gases the coefficient of 
cuMoal expansion is of importance. 

The fraction of its length, at 0° C., which a body expands when 
its temperature is raised through 1“ C. is called its coefficient of 
linear expansion. 

The actual expansion being small in the case of solids, it is 
not necessary to measure the length of a solid at 0°C. A 
simpler definition is sufficiently accurate. It may be said that 
the fraction of its length which a solid body expands on being 
heated 1“ C. is called its coejfficient of linear expansion. 

It must, however, be remembered that in the case of gases, 
owing to the large changes that take place, the strict words 
of the definition must be adhered to and the expansion com- 
pared with the volume at 0“ C. 

The fraction of its volume, at o'* C., which a body expands when 
its temperature is raised through 1°C. is called its coefficient of 
cubical expansion. 

Ooefficient of linear expansion. — To obtain a measurement 
of the linear expansion of a rod when heated to a known tem- 
perature the form of apparatus shown in Fig. 98 may bo used. 
A rod of glass or metal about 18 inches long is surrounded by a 
glass tube having an inlet for steam at C and an outlet at D. 
The end A of the rod rests in a V-shaped groove and against a 
weight W, TRe other end rests on a fieedle which is free to 
roll on a glass base. To the needle is attached a cork having a 
split straw pointer. Any movement of the needle will be 
observed against the scale K 

When steam is passed through the tube it heats the bar, and 
the expansion shows itself at jB— the end A being fixed— by 
causing the needle to roll. To secure good contact the rod may 
be roughened with emery where it rests on the needle, and 
pressed to it by means of an elastic band attached to the 
aupport. 
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After the steam has circulated for 5 or 10 minutes, the part 
of % complete circle the index has moved through is observed. 
This shows what part of a complete rotation the needle has 
made. To find the horizontal expansion of the rod correspond- 
ing to this rotation it is necessary to determine the diameter of 
the needle. To do this several similar needles are placed in 
a row, the total breadth is measured and divided by the 
number of needles. 

The circumference of a circle being equal to its 

22 

diameter x — - 


the distance the needle would roll in one complete rotation 
would be 


diameter of needle x 


7‘ 


The actual distance rolled, corresponding to the expansion of 
the rod, 

^distance corresponding to a ^ the part of a complete rotation 
“ complete rotation. shown by the index. 

Suppose the measured expansion to be A’ the length of the 
rod up to the needle L, and its temperature at the commence- 
ment of the experiment 15° C. The fraction of its original length 

E 

which the rod expands will be j. 


The rise of temperature having been from 15°C. to 100° C., that 
is 75° C. the fraction of its original length which the rod expands 

E 

for each degree of temperature will be ^ ^ 

This is the coefficient of linear expansion. 

Coefficient of cubical expansion of a liquid.— The rate of 
expansion of a liquid with rise of temperature can be obtained 
with the apparatus shown in Fig. f39. It consists of a glass tube 
open at one end, and about 30 cm. in length, and with a bore 
of about 3 mm. It is partly filled with the liquid, the expansion 
of which is to be determined. The tube, fastened to a thermo- 
meter, as shown in Fig. 99, is immersed in a bath of water 
and observations made from 0° C. to nearly the boiling point of 
water. The temperature of the bath is obtained from the 
thermometer, the scale of which also serves for observations of 
the liquid level. The original length of the column being 
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measured, and its expansion for a definite rise of temperature 
obtained as above, all the data exist for the calculation of the 
coefficient of expansion. It should be carefully noted that it is 
cubical expansion that is observed. Neglecting the expansion 
of the glass, the increased volume of the liquid due to heating 
shows itself as an increase of length of the liquid column. 

Eeal and apparent ^expansion of liquids.— -Hitherto the 
expansion of the glass containing a liquid has not been con- 
sidered. But ' the glass, like most substances, also expands 
when heated, though it may not be noticed, as the expansion 
of the liquid is so much more. The momentary sinking of the 
liquid levels when the flasks were first placed in the wai’in 
water in Expt. 31 ii. (^>), was caused in each case by the ex- 
pansion of the flasks. The flasks becoming warm first, increased 
in size. The liquid level fell. As soon, however, as the contained 
liquid began to get warm, with its greater 
rate of expansion, it outstripped the expan- 
sion of the glass and the liquid level rose 
again. The amount which a liquid expands 
appears less than it actually is because of 
the expansion of the vessel. This expansion 
which it appears to povssess is called its 
apparent expansion. To obtain the reiil 
expansion of a liquid it is necessary to 
add to the apparent expansion the amount 
the glass expands, or, 
real expansion _ its apparent .expansion of 
of a liquid expansion ^ tne glass. 
If any two of these values are known, the 
third can evidently be easily calculated. 

It will be seen that in the case of a ther- 
mometer and in Expts. 32 and 33 apparent 
expansion only is observed. 

Expansion of gases.— The expansion of 
gases is very much greater than that of 
either solids or liquids. Tlius, 273 c.c. of 
dry air at 0° C. become 274 c.c. at 1° C. and 
373 c.c. at 100° C. The coefficient of expan- 
sion is consequently ; and this is practically the coefficient 
for all gases. This law is not, however, strictly obeyed by all 
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gases, thougli air and some other gases conform to it with great 
accuracy. The air thermometer is often used as a standard, 
since the expansion of air with increase of tempeiature is both 
regular and large. ^ 

The coefficient of cubical expansion of a gas can be deteimiined 
by enclosing a definite quantity of air in a long narrow tube 
closed at one end, the gas being separ[:fted from the air by a 
tiny thread of mercury (Fig 100). The length of the column of 
air represents the original volume of the gas. The expansion 
the air undergoes will push the index outwards, and these 
movements can be observed. If temperature observations are 
simultaneously taken, the expansion per unit volume per degree 
of temperature can be obtained. 


Coefficients of linear expansion of solids. 


Brass, - 

Expansion 

Per Degree C. 

- 0*000019 

Iron, 

Expansion 
Per Degree C. 

0*000012 

Copper, - 

. 0*000017 

Platinum, 

0*000009 

Glass (tube), - 

- 0*000008 

Zinc, 

0*000029 

Coefficients of cubical expansion of liquids. 


Alcohol, 

- 0 00109 

Olive oil. 

0*00068 

Glycerin, 

- 0 00053 

Turpentine, • 

0*00105 

Mercury, 

- 0 00018 

Petroleum, - 

0*00099 


Coefficient of expansion of grases. 

Increase of Volume at 
Constant Pressure. 

Hydrogen, 0*00366 

Air, 0*00367 

Carbon dioxide, 0*00371 


CHIEF POINTS OF CHAPTEE IX. 

Effects of heat. — (1) Change of size. (2) Change of state* (3) 
Change of temperature. Change of size is known either as expavi^n 
or controLction. The former is generally brought about by heating, 
the latter by cooling, 

Expansion and contraction by heat must be taken into account 
in (a) laying railway lines, (h) nxing steam or hot- water pipes, (c) 
building bridges. The effects are utilised in fixing iron tyres to 
wheels. 
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Olioioe of xnaterialB to t>e used in a thermometer. —(1) The sub- 
stance used should expand a* great deal for a small increase of 
temperature. (2) If a liquid is used it should not change into a 
solid unless cooled very much, or into a gas unless heated very 
much. (3) The liquid should be in a fine tube with a comparatively 
large bulb at the end. 

KeasouB why mercury is used for thermometers.— In addition to 
the reasons above, (a) its level can be easily seen ; (b) it does not 
wet the vessel in which it is contained ; (c) it is a good conductor of 
heat ; (d) very little heat is required to raise its temperature. 

The fixed points on a thermometer.— (1) The temperature at which 
ice raelts'or water freezes ; (2) the temperature of the steam issuing 
from boiling water when the barometer stands at 30 inches. 

Thermometric scales. — The distance between the freezing and boil- 
ing points on the stem of a thermometer may be divided as follows : 

Fahrenheit Centigrade R^anraur 
scale. scale. scale. 

Boiling point, - - - 212° 100° 80° 

Freezing point, - - 32° 0° ' 0° 

Coefficients of expansion.— The fraction of its length which a body 
expands on being heated through 1° C. is called He coefficient of linear 
expanaion. 

The fraction of its volume, measured at 0°C., which a body 
expands on being heated 1°C. is called, its coefficient of cubical 
expansion. 

When the total expansion for a large change of temperature 
is observed, the average change for each degree is called the mean 
expansion between the extreme temperatures, and the average 
coefficient the mean coefficient. 


EXEBCISES ON CHAFTEB IX. 

1. A flask containing pure water is heated by a single burner and 
one thermometer is placed with its bulb below the surface of the 
water, and another thermometer with* its bulb just above the 
surface. When the water boils the readings of the two thermo- 
meters are taken. Will the readings be the same ? 

What will be the effect on the reading of each thermometer (1) of 
placing a second burner under the flask, and (2) of dropping some 
common salt into the flask ? 

2. Describe carefully the manner in which the freezing and boiling 
points on a thermometer are determined. 

Take a glass tube open at one end and having a bulb at the 
otfier. Hold the tube so that the open end dips into water. Heat 
the bulb gently with a ^irit lamp for a minute or two, and then 
^ke the lamp away. What will be observed ? How can you 
iwXJtmnt for the facts observed ? 
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4. Mention conditions that should be satisfied by the bulb and 
tube of a mercury thermometer. Give the reason for each condition 
that you state. 

5. I take two equal flasks, the mouths of which are fitted with 

bored corks carrying long glass tubes, and fill one with water 
coloured blue, and the other with methylated spirits coloured red ; 
I then plunge them both into boiling water. Explain what will 
take place, giving reasons. » 

6. Describe carefully how to construct a common thermometer. 

7. What is meant by coefficient of expansion ? Give a method of 
finding it in the case of (a) a solid bar, (b) a liquid. 

8. One-fifth of a bottle is filled with cold water ; the bottle is 
tightly corked ; the cork is pierced by a bent tube, one end of which 
dips into the water of the bottle and the other into water standing 
in an open vessel. Describe the results that may be observed if the 
bottle and its contents are heated up to a temperature of 99° Centi- 
grade, and then allowed to cool. 

10, A nurse cleanses a doctor’s thermometer which reads up to 
105° F. in boiling-hot water. The doctor now finds that the 
thermometer is useless. Why is this ? 



CHAPTER X. 

CHANGE OF STATE, MELTING POINT, BOILING 
POINT, VAPOUR 

Change of state. — Substances exist in three states, namely, 
solid, liquid, and gaseous. By the action of heat a substance 
may be changed from one state to another. Wax, for instance, 
is usually a solid, but by heating it becomes a liquid. Butter 
can in the same way easily have its state altered from solid to 
liquid. Lead and zinc are also melted when heated, but at a 
higher temperature than wax or butter. 

A good example of the changes of state produced by heat is 
obtained by heating a piece of ice until it becomes water, and 
then heating the water until it passes off into steam or water 
vapour. Here the same form of matter is by heat made to 
assume three states ; in other words, ice, water, and steam are 
the same form of matter in the solid, liquid, and gaseous state 
respectively. 

Change of state includes changes in the physical condition 
known as liquefaction or becoming liquid, and vaporisation or 
becoming converted into vapour. Thus, if w^ heat ice it is first 
liquefied or becomes water, and is then vaporised or becomes 
steam. 


35, LIQUEFACTION. 

i Ueltiiig point of wax — Melt a little paraffin wax in a beaker, 
and Immerse the bulb of a thermometer in the liquid. When the 
theimometer is taken out, a thin film of liquid paraffin will be seen 
Upon it. Let the bulb c(X)l, and notice the temperature when the 
l^liosames a frosted appearance, which shows that it is solidify- 



MELTING POINT, BOILING POINT, VAPOUR 145 


ing. When the wax on the bulb has become solid, place the ther- 
mometer in a beaker of water and gently heat the water. Observe 
the temperature at which the wax becomes transparent again. The 
average of this result and the preceding one is the meltiny point of 
paraffin wax. , 

li. Melting point of butter. — Place a little butter in a test-tube, 
and stand a theirnometer in it. Place the t(*st-tube in a beaker of 
water being gently heated on a sand-bath. , Notice the temperature 
at which the Imtter melts. Take out the test-tube when the butter 
has all melted ai^d let 
it cool. Notice the 
temperature at which 
it solidifies. 

iin Melting point of 
ice. — Put some small 
pieces or shavings of 
cli^jjOce into a beaker 
agjtf^isert a thernio- 
meterdnto them. Re- 
cord the temjierature 
indicated. Pour in a 
little water, stir the 
mixture, and again re- 
cord the temperature. 

Place the beaker on a 
sand-bath and warm 
it gently. Notice the 
reading of the thermo- 
meter so (on(f as there ^ An expciimcnt to illustrate regelation. 

is any ice nnni(4t((L 

In all these cases the reading of the thermometer is practically the 
same, indicating that the temperature of melting ice is constant. 

iv. Regelation.— -(a) Press together two pieces of ice under water. 
Notice that they stick together. 

{h) Support a block of ice as in Fig. Idl. Pass over the block a 
loop of copper wire. Hang on to the wire a 56 lb. weight. Observe 
that the wire cuts its way through the ice and that the melted 
ice freezes again behind it. 

> 

Temperature of melting. -When a solid is heated, the first 
efiPect is usually an increase of size. But if the heating is 
continued long enough, when the solid reaches a certain 
temperature, which differs with different solids, melting begins. 
The solid changes into a liquid. The temperature at which the 
melting takes place is called the melting point. Thus, when a 
lump of lead is heated, its temperature rises, it gets larger, an^ 
as the heating is continued it is converted into a silvery-looking 
liquid. Wax, ice, and iron are other examples of solids 
melt. But ice, wax, lead, and iron differ very widely in the 

L.S. I. K 
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temperatures at which they begin to melt, as the following table 
shows : 


Ice melts at - 
Bees-w’ax * „ 
Lead ,, 

Cast-iron „ • - 


0“ C. 
iir a 
33(r (j* 
L200 C. 


So long as any of the solid remains uii melted, tlu‘ temperature 
does not rise above the melting point. You c^in easily satisfy 
yourself that this is true in the c<ast‘ of ice. If you obtain some 
small pieces of clean ice, and thrust a (’enligradt' thermometer 
into them, you will notice that the thermometer re(‘ords a 
temperature of 0° C\ Oi*, if you put some of the u‘e into a 
^beaker, and pour in some water, y<*u will find after you 
have stirred the ice and water together for a little while, pro- 
vided you have put enmigh ice to be sort* that it does not all 
melt, that the thermometer still re< or(ls a teinpevatui e of 0“ (’. 
Even if you put the beaker, with the ice and water in it, 
over a^aboratory burner and warm it gently, you will still find 
that, so long as there is any ice unmelted, the thermometer still 
reads O'* C. It is evident, then, tHat the temperature of melting 
ice is always the same, and remains the same so long as there is 
any ice unmelted. Moreover, to<hange the state of a solid, 
without changing its temperature, heat is expended. 

Begelation. — If two pieces of ice, neai’ the melting [loint, are 
pressed together they adlieie. The pressure at the }K>int« of 
contact cau.ses the melting point to fall and the, ice in the neigh* 
bourhood melts. On releasing the pressure freezing again takes 
place, and the inasse.s are joined together. This phenomenon 
is called regelatioii. It is in consequenc(* of tliis that glaciers — 
rivers of solid ice — curve and flow like water. Fig. 101 shows an 
interesting example of regelation. 


36. VAPOEISATION, 

1 Oooliiig produced by evaporation.— (a) Sprinkle a few drops of 
IbiritB of wine, sal-volatile, or ether on your hand. Notice that 
bne lli|iiid soon disappears, and tliat its presence in the air can Ixj 
ieteoted by its sraelL The rate at which the lk|nid evaporates is in- 
i^reaead by wavip^ the hand about. Notice that the hand feels cold. 
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(h) Pour a few drops of water upt)n a dry i)iece of tliiu wood, and 
stand in the water a tliin f>eaker con Uii rung a little ether. Blow 
vigorously down a UiIk? having one «*nd in the ether (Fig. 102), or use 
a pair of Ixillows. The ether rapidly evaporates, and in doinfj 80 
tak'drt heat from the water 
Ixitween tlie lH*ak(jr and 
piece of worul. The l>eaker 
and wood l>econie fiozen 
togf‘ther. 

(r ) lit ‘at and ImuI water 
in a tlask. By means of « 
thermometer observe the 
gradual li.se of tempera- 
ture until tlie water IkuIh. 

Take the t<*m{H‘nitiire at 
intervals while the waU*r 
i.s boiling. Notice that it 
remains constant, though 
heat is iKiing added *ill * Fn*. le^.- -Experiment to slinw tliat water 
the time. niay lie froKcu by the rapid evaiMjratiou of ether 

close to it. t 

Heat is required to 

change a liquid into a vapour,— When a liquid is changed 
into va]>om‘ a certain amount of he;it i.s used up. It doe.s 
not matter whether tin* licjuid evaporates or ImuIs ; every gram 
of it requires a certain amount of heat before it becomes 
converted into vajiour. In lioiling, this heat is Hupplied 
by the thune or tire, and in evaixuation it is taken from the 
objects in contact with tlie lifpiid. Tlie fa.ster tlie evaporation 
the more quickly i.s heat ab.sorbed in thi.s way. When a liquid 
evaporati*s very i*a})idlv, tln^ cooling }>roduced is very noticeable. 
For instance, if a few di-o|)s of either spirits of wine or ether 
are s[)rinkhMi upon the liand the li(|uid soon disappears knd the 
hand fe(*lH cold. The heat ne<a‘ss}iiy for the evaporation of 
tliese liquids is taken from the liaiid, or from any other things 
with which tliey are in contact, ct|nsequently the hand becomes 
cooler and cooler as the \'a|)our ii formed. So much heat may 
lie absorbed in this way that, as illustrated by the experiuient 
shown in Fig. 102, water can be frozen by the evaporation of 
ether in a vessel in contact wdth it. 

In tropical countries, where the land gets rcry hot during the 
day, evaporation Uikes place so rapidly after sunset that tl^ 
water sometimes becomes ho inueli cooled, liy the extraction m 
the heat required to biing about the change from liquid to 
vapour, that the water freezes. 
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You will probably yourself have noticed that not only is the 
dust laid by watering the roads in summer, but the air is 
pleasantly cooled by the evaporation of the water. 

It has been shown by several different experiments that 
when once water has started to boil, its temperature gets 
no higher than the boiling point. So long as there is any 
water left, no matter ^low much you heat it, its temperature 
remains the same. 


87. BOILING POINTS. 


i Determination of boiling points. — (a) Put a little methylated 
spirit in a test-tube, and gradually heat it in a beaker of water 
until the spirit boils. Find the temperature of the boiling spirit 
and of the vapour, and record the results. 

(b) A convenient arrangement for determining the boiling point of 
a liquid is shown in Fig. 95. A can or flask F is fitted with a cork, 
through which a glass or brass tube B passes. Surrounding this 
tube is a wider tube (7, fitted upon the inner tube by means of 
a piece of thick india-rubber tubing i). At the top of the outer 
tube is a cork E having a hole in which a thermometer can be fitted. 
When the water in the flask is boiled, steam passes up the inner tube 
B, and down the wide tube (7, and escapes at the outlet G into the 


open air. 

(c) To use the apparatus, gently push the top of the stem of the 
thermometer into the cork which fits in the outer tube, adjusting it 
so that the 100° point is just below the cork. 
Fit the cork in its place, lx)il the water, and 
when steam has been coming off for about a 
quarter of an hour, raise the cork and read 
the thermometer. Repeat the observation 
after a few minutes, and when two readings 
obtained at an interval of about ten minutes 
agree, record the observation. Determine the 
l)oiling points of water, turpentine, milk, beer, 
vinegar and whisky. 

ii Vapour pressure.— (a) Fill a long tube 
with mercury and invert it in a vessel of 
- mercury (Fig. 105). Keep this tube to show 

Fio. 1^. — Curved (j^e pressure of the atmosphere. Pass up a 
w^r Into barometer second barometer tube three or four drops of 
^ater by means of a curved pipette aa sLwn 
in Fig. 103. Observe the depression of the 
mercury column and that the water has evaporated. Pass a few 
drops of water up the tube. Note that no further evapor- 
atkm takes place and no further depression of the mercury. 
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Repeat the experiment with the other tnbes sho'vm in Fig. 10/5, 
using alcohol and ether. Tabulate your results. 


Liquid used. 

Water. 

Alcohol. 

> 

Ether. 

Depression of 




mercury column. 




Temperature. 


j 



{b) Introduce some mercury into the bent tube (A, Fig. 104). Pour 
a little alcohol into the longer tube, and by tilting the apparatus 
allow' the alcohol to creep round the bend until some is introduced 



A B 

Fig. 104. — Determination of boiling point of alcohol. 



into the shorter tube (5, Fig. 104). Place the apparatus in a beaker 
of M'ater with a thermometer. Warm the water and read the 
thermometer at the instant the mercury stands at the same level iu 
both arms of the apparatus. The reading of the thermometer i& the 
boiling point of alcohol. 
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Vapour pressure and boililtfe point.— The apparatus repre- 
sented in Fig. 95 and described in Expt. 37 i. (b) is used in 
the determination of boiling points. Tlie thermometer is 

immersed in the vapour from the 
boiling liquid and is protected 
from cooling by an outer chamber 
through which is flowing the 
esca])ing vapoui\ When the tem- 
perature as indicated by the 
tlierrnometer has become station- 
ary, its reading is taken as tlie 
boiling point of the li(]uid. At 
this temperature the vapour pres- 
sure is equal to that of the 
atmosphere. 

If a liquid is introduced into a 
vacuum it rapidly evaporates. A 
limit is however reached when, 
with the vapour in contact with 
its own liquid, evaporation ceases. 
The space is saturated with the 
vapour. That the vapour exerts 
a definite pressure can be shown 
by the apparatus represented in 
Fig. 105. The first tube on the left 
is an ordinary barometer tube, the 
remaining three have had intro- 
duced into th^m respectively water, 
alcohol, and ether. The water 
having evaporated into the Torri- 
cellian vacuum causes but a slight 
fall of the mercury column. The 
, alcohol and the ether exert an 

Fio. I 06 .-Determination of vapour . , mi t 

pressure. increased pressure. ine depres- 

sion of each mercury column 
measures the pressure of each^vmpour at the temperature 
of the experiment. If the liquids and vapours in the tubes 
are warmed their pressures increase, and the mercury level 
falls. When each has reached its boiling point the mer- 
cury level outside and inside the tube is the same. The 
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ether will first reach this stage, its boiling point being 
lowest. 

This method of obtaining boiling points, usually employed for 
liquids which boil at a lower temperatui*e than water, is more 
conveniently used in the apparatus shown^ in Fig. 104. The 
liquid, the boiling point of which is required, is introduced 
into the shorter arm of the bent ti>be. The apparatus is 
heated in a water bath until the mercury level is the same in 
both arms. The vapour pressure is now equal to that of the 
atmosphere. The reading of the thermometer gives the boiling 
point required. 


38. EFFECT OF PRESSURE ON THE BOILING POINT, 

i. Water boiling under diminisbed pressure.— Boil some water in a 
flask, and let it continue to boil for some minutes until you can be 
sure all the air is driven out of the flask. Remove the burner and 
quickly insert a well-fitting cork. Allow the flask to cool for a few 
minutes, then turn it upside down on a suitable support and throw 
cold water on to the flask. Notice the water again starts boiling 
vigorously. 

Water boils at a lower temperature under diminished 
pressure. — Pressure has a great influence on the boiling point of 
a liquid. The weight of the atmosphere at the surface of the 
earth is, it will be remembered, equal to that of a weight of 
15 lbs. on every square inch. In studying the pressure of the 
atmosphere it was seen that its amount upon an object depends 
upon the extent of the air above the object. This pressure will 
be less at the top of a mountain than at the bottom of a mine, 
and consequently the pressure of the air will be in the former 
situation less than in th*e latter. If we wish boil a liquid, 
therefore, in those cases wjaere the pressure of the atmosphere is 
great, we shall have to heat the liquid more before the bubbles of 
vapour formed can escape at the surface of the liquid than when 
the pressure is less. If we heat the liquid more, its temperature 
will get higher before there is any conversion into vapour, and 
consequently its boiling point will be higher when the pressure 
is greater. In finding the boiling point of a liquid we must 
therefore know the pressure of the atmosphere at that time and 
place. 
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JExample of water boiling at a temperature under 
diminished pressure. —A very simple experiment convinces ns 
that water may boil at a temp^ture considerably below 
1(X)° C. when the pressure upon its sui ^ice is diminished. All 
^ it is nec'cssaiy to do is to 

take a sound cork which 
tii^htly fits the neck of a 
round-bottomed flask. We 
then boil some water in 
the flask and allow it to 
continue boiling for some 
minutes so that all the air 
in the flask is driven out, 
and its place taken by 
steam. The burner is then 
reim»ved and the cork in- 
serted into the neck of the 
flask as rapidly as possible. 
After standing to cool for 
a minute or two, when, 
<^ing to cooling, the teni- 
fperature can no longer 1^ 
100° C. the flask is turned 
O’^er and cold water poured upon its upturned under surface or 
a cold wet sponge is squeezed upon it as shown in Fig. 106. 
The cold water causes the steam in the flask to condense, and, 
as no air can get in, the pressure on the surface of the warm 
water is noV less than it was before, and therefore the water 
is seen to boil quite briskly again. 



Fig. 106.— Water below 100" boiling unde 
^ diminished pressure. 


39. WATER DOES NOT ALWAYS EXPAND WHEN 
HEATED. 

' i Anomalous expansion of water. — Procure or construct an 
apparatus of the form shown in Fig. 107. The cylindrical bulb 
should bo about 10 cm. long and 1 *5 cm. in diameter, and terminate- 
in a capillary ^ube having a bore of about 0*5 mm. Heat the bulb ; 
and let it oobl with the open end of the tube inverted in mercury. 

this meins sufficient mercury {M) may be introduced to occupy 
ibout one-seventh the volume of the bulb. Then introduce in a 
dniiilar way sufficient boiled distilled water to fill the remainder of 
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the bulb and part of the stem. A snolHBa^h of oil may also be 
introduced to prevent absorption of air |md evaporation. A paper 
millimetre scale is then attached to the capillary 
tube. . m 

Support this apparatus in a wide test-tube oojj- — p-, 
taining mercury, so as to secure uniformity of 
temperature. Place a thermometer in the mer- 
oury, and support the wide tube contaii/ing it s©-: 

ana the apparatus in a beaker of cold water. : 

Notice the position of the top of the liquid in ‘ ^ 

the tube, and read the temperature shown by 0 

the thermometer. Add ice to the water, and as : 
the temperature falls notice the level of the * 

liquid in the tube for every degree down to 1° „ - 

or 2° C. . 1 

Then let the water in the beaker gradually - 

rise in temperature, adding a little warm water, 
if necessary, and again observe the positions at : 
the same temperatures as before. The mean of - 

the two positions observed for each temperature : 
should be taken as the true reading for that 
particular temperature. By means of squared or ©i - 
section paper, it is easy to construct a curve to 
represent graphically the observations of the ^ 

changes of volume oi water at temperatures near I 

the freezing point. B 

The observations, W’ith or without the curve con- | 

structed from them, will show the temperature at 11 

which the water in the apparatus has the smallest 
volume, and therefore the maximum density. 

Changes in volume and density as water 
is cooled. — It has already been learnt that if 
the volume of a body gets greater while its 
weight remains the same, what is called the 
density of the body must get less and less. It 
is quite clear that, if the same amount of 
matter occupies a larger space, it must be 


less closely packed into that space, and it Fio. 107. — Ap. 

is the closeness with which matter is packed 

into a space which we have learnt to call changes of volu^a 

dSWuty. what changes m density take place freezing point, y 

when water is gradually cooled ? Since it has 

been proved by experiments that the same weight of wa#e>?, 

gradually gets smaller and smaller in volume da it is co0|^ 

^wn to 4° C., we can also express the same fact in anotl^ 

way and say that its density becomes greater and greater 
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it is cooled down to 4° 0. As from this temperature it gets 
larger as the cooling is continued, its density must get less and 

less. On the contrary, if we 
begin with water at 1° C. 
and gradually warm it, the 
density steadily increases up 
to I"' C., and from that 
temperature upwards the 
density regularly diminishes. 
Because any weight of water 
has a smaller volume at 4"' C. 
than at any other tempera- 
ture, or, what is tlie same 
thing, has a greater density 
Fin. t08.-Chaiige3jn the TOlnmo otlier tem- 

perature. 4 tl. is referred to 
as the temperature at which water has 'its maximum density. 

Hope’s apparatus, — An exp^-irnent with what is known as 
Hope’s apparatus shows very well that water is at its maximum 
density at 4'’ C. A cylinder pro- 
vided with two side necks in the 
way shown in Fig. 109 is tilled with 
wnater at the same temperature as 
the air. Into the side necks, corks 
with thermometers passing through 
them are fitted. A freezing mix- 
ture, which can be made by mixing 
salt with pounded ice, is 'applied to 
the middle of the cylinder. This is 
done by filling., a vessel, fixed round 
the middle of the outside of the 




cylinder, with the mixture in a way 

which the illustration makes quite tho'ysTrv'i^hoTorthrtompera^ 
clear. "^The freezing mixture, of inaximum density of 

’ water. 

course, at once cools the wat^r m 

the middle of the cylinder. On watching the thermometers 
it is found that the first effect of the cooling is to cause the 
temperature of the lower thermometer to fall. 

The temperature of the upper thermometer, how^ever, remains 
unaltered. The only way in which this can be explained is by 
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supposing that as the water in the middle of the ‘cylinder is 
cooled it gets colder and sinks to the bottom. As the cooling 
proceeds it is found that the water at the bottom of the cylinder 
never geU below 4° G. But .soon after the water at the bottom of 
the cylinder has reached the temjjerature of the upper 

thermometer begins to fall, and goes on getting lower till it 
actually reaches (EC. But all this time the water at the 
bottom remains at 4 0. Now it is (juito clear that the densest 
water will sink to the bottom, and as the temperature of the 
water there remains at 4'C. it may be concluded that water at 
this temperature is denser than at any other. 



WAT£fl BELOW A TEMPERATURE ICE AT SURFACET WATER 
OF 4*C RISING TO THE TOP AT TEMPERATURE OF 4° C 


Fio. 110. — Stages in the freeziifg of a pond of water. 

These considerations are summed up in the statement that 

water at a temperature of 4"C, expands whether it is heated 
or cooled. 

Results in nature of the peculiar expansion of water.— 

From the results of an experiment with Hope’s apparatus, or 
a consideration of the expansion and contraction of water, it is 
easy to understand what ha[)pens when the w^ater of a pond is 
gradually cooled on a frosty night. As the temperature of the 
water at the surface gets lower and lower, the water ^ere con- 
tracts and is consequently denser. It therefore sinks, and its 
place is taken by w arnier water from below. The same cooling 
and sinking of the surface water continues until the tempera- 
ture of the whole of the water is 4° C., at which temperature it 
has its maximum density, and consequently when the water at 
the bottom of the pond reaches this temperature it remains 
where it is. After the temperature of the water at the surface 
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has reached 4®C., any further cooling causes it to expand and 
get lighter, and this result continues until 0“ C. is reached and 
the water at the sui'face is changed into ice, which, being con- 
siderably lighter Jbhan water, remains on the surface. Ice is, 
moreover, a very bad conductor of heat, and consequently the 
temperature of the water below the ice gets cooler very slowly, 
and the thickness of tHe ice increases at but a small rate. 

This condition of things prevents several disastrous conse- 
quences which would of necessity 
STEAM HWINC 1700T.IMESTHE follow if ice were denser than 

water. If ice were denser than 
water, it vrould sink to the bottom 
of the pond at the moment it 
was formed, and as the frost 
continued, the ice would spread 
throughout the mass of the water, 
and not only would this result in 
the destruction of all the water 
animals in the pond, but it is 
more than probable that the heat 
of summer would be insufficient 
to melt it completely. 

Summary of results.— When 
a piece of ice at a temperature 
below O'" C. is warmed it expands, 
like most other solids, until the 
temperature of 0° C. is reached. 
/iS* — Graphic representation ^ temperature of O'* C., we 
perature accompanying changes of kuow that it melts and changes 
state of water. ^ wajer at 0° C. While this 

change is taking place, though heat is continuously being 
added, there is no rise of temperature. The heat is used up 
in changing the state of the ice. After all the ice has been 
changed into water at 0 ° C., each successive addition of heat has 
two effects. First, the temperature is raised, and secondly, the 
size or volume of the water is altered. Whilst, however, the 
temperature rises regularly, the alterations in size are not 
regular ; the size of the water gets smaller and smaller to 
begin with for every degree increase of temperature. This 
is continued until the temperature of 4° C. is reached, at which 
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temperature the water has a smaller size than at any other, or 
is at its maximum density. From 4“ 0. onwards the temperature 
and volume increase together as the water is more and more 
heated, and this holds true until a temperature of 100° C. is 
reached, when the water boils and is chahged into steam. 
When once the water has commenced to boil, the temperature 
remains at 100° C., or, as it is called, boiling point of water, 
so long as any water is left. If steam is placed in an enclosed 
vessel away from water, its temperature can, of course, be raised 
above 100° G. : in this case, what is known as superheated steam 
would be obtained. 

40. FREEZING MIXTURES. 

A Freezing Mixture.-— Mix five parts of pounded ice with two 
parts of common salt in a mortar. Place a test tube partly filled 
with water in the mixture. After a few minutes the water will he 
found to freeze. Find the temperature of the mixture with a 
thermometer. 

We have seen that melting takes place at a temperature 
which is fixed according to the nature of the solid. The heat 
used to produce the melting does not raise the temperature and 
it is therefore called latent or hidden heat. If a solid melts, 
heat is therefore absorbed, and if the heat is not supplied by a 
gas flame, for- instance, it is obtained from the vessel holding 
the solid, which will consequently fall in temperature. When 
salt is mixed with broken ice, the ice melts and the vessel con- 
taining the mixture, and the mixture itself, fall in temperature. 
The ice is caused to melt by being mixed with the salt. Such a 
mixture is called a freezing mixture, for it is used to freeze or to 
cool greatly substances placed in the mixture. 

Examples, of freezing mixtures. 

Snow, or pounded ice \ produce a Snow - - produce a 

Salt- - - -/fall of 20° C. Hydrochloric Acid /fall of 42° C. 
Snow - - produce a Sodium Sulphate -I produce a 

Calcium Chloride -/ fall of 45° C. Hydrochloric Acid /fall of 28° C. 

CHIEF POINTS OF CHAPTER X. 

Melting point. — The temperature at which a solid changes into a 
liqmid is called its melting point. 

The melting point of a solid is lowered by pressure. Two pieces 
of ice, if pressed together with sufficient force, become united 
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through melting and the re-freezing on the release of the pressure. 
The phenomenon is called regelation. 

Boiling point. — When a liquid is changed into a vapour by the 
formation of bubbles in its interior which escape at the surface of 
the liquid it is said to boil. The temperature at which this takes 
place is called the foiling point. 

The boiling point of a liquid is always raised by an increase of 
pressure. 

Changes in volume as Vater is cooled. — Water steadily contracts 
as it is cooled to 4° C. If the cooling is continued below 4° C., the 
water begins to expand, and does so until (f C. is reached. 

The density of the water in the same circurnstances increases until 
4° C. is reached, from which temperature it diminishes as the cooling 
proceeds ; 4° C. is known as the temperature of maximum, density ^ 
water . . 

In its conversion into ice, water expands very much and with 
great force. Ice expands with a rise and contracts with a fall of 
temperature. 

Freezing mixtures. — Certain solids when mixed together suffer a 
great fall in temperature. This fall is due to the absorption of heat 
by the mixture on liquefying. 


EXERCISES ON CHAPTER X. 

1. A vessel of water at the freezing point contains two small glass 
bulbs. One is at the bottom, the other floats, but is almost wdiolly 
below the surface. The water is gradually heated ; soon t he bulb that 
was at the bottom rises, but after a while sinks again, and remains 
sunk. What is the meaning of this liehaviour ? How will the other 
bulb behave during the heating of the water? 

2. Describe how you would graduate a thermometer. Would 
any correction be necessary if you did it on the top of a mountain, 
or at the bottom of a coal mine ? 

3. What do you understand by the temperature of maximum 
density of water ? How has the temperature been determined ? 

4. By means of an india-rubber tube the steam from a boiling kettle 
is passed into a mixture of ice and water in which a thermometer is 
placed. The experiment is (jontinued for a considerable time, the 
mixture being kept well stirred. Describe the results which may 
be observed and the behaviour of the thermometer. 

5. A few drops of water are poured into a flask ; the flask is 
boiled for a minute or two over a spirit lamp, and then quickly 
plunged, mouth downwards, into cold water. What results may 
be observed ? How do you account for these results ? What results 
will be obtained if the flask is kept empty, but allowed to stand in 
boiling water before being plunged into the cold water ? 

6. Describe experiments which you have seen illustrating tlie 
conversion of (a) a solid into a gas, (/>) a liquid into a solid, (c) a 
liquid into a gas. Describe what you have observed during each 
process. [Reference to any of the forms of water must be excluded 
from your answer.] 



CHAPTER XI. 


QUANTITY OF HEAT AND ITS MEASUREMENT ; 
SPECIFIC HEAT ; LATENT HEAT. 

41. QUANTITY OF HEAT IN RELATION TO 
TEMPERATURE AND WEIGHT. 

I. Distinction between temperature and beat. — Place a can or 
beaker containing water over a burner. Place in the can a small test- 
tube containing water. After the can has been heated for a little 
time, observe the temperature of the water in the test-tube and 
surrounding it ; it will be the same, l^ake away the burner, and 
lift the test-tube out of the can. You now have a small quantity of 
water and a larger quantity both at the same temperature ; but 
there is more heat in the large amount than in the small amount. 
Prove this by pouring the hot water from the test-tube, and that 
from the can, into the same quantity of cold water from the tap in 
separate largo beakers. The large amount of hot water will thus be 
found to have a greater heating effect than the small amount ; hence 
it must have possessed more heat than the small amount. 

ii. Result of mixing hot and cold equal weights of the same sub- 
stance. — {a) Put a certain weight of warm water in a beaker, and 
the same weight of cold water in another beaker. Observe the 
temperature of each by means of a thermometer. Pour the cold 
water into the hot. It will be found on stirring them together 
with the thermometer (taking care not to break the thermometer), 
that the temperature of the mixture is midway between the two 
original temperatures. , 

(0) From the observations construct a table like the one below, to 
show that the temperature, produced by mixing equal weights of 
the same liquid at different temperatures, is equal to half the sum of 
the temperatures : 


Temperature of 
Waters. 

Temperature of 
Water B. 

2 * 

Temperature 
of Mixture. 
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ill. Equality of loss and gain of heat. — {a) Weigh about 200 gms. 
of cold water into a beaker, and observe its temperature. Put the 
same weight of water into another beaker ; heat it to about 45° C. 
Now place the beaker of hot water on your table, with a thermo- 
meter in it, and observe its temperature. When the temperature 
has fallen, to say 40* C. , take hold of the beaker with a duster, and 
q^uiokly pour the hot water into the cold. Stir up the mixture with 
the thermometer, and observe the temperature after mixing. Record 
your observations as below : 

Weight of cold water, - - - - gms. 

Temperature „ - - - - C. 

,, of mixture, - - - ° C. 

Number of degrees through which the 
temperature of the cold w'ater was 
raised, ® C. 

Weight of hot water, - - - - gms. ^ 

Temperature of hot water, - - - C. 

Numoer of degrees through which the 

temperature of the hot water fell, - C. 

Tabulate the gain and loss of heat that occur, as shown below : 

Gain. * Loss. 

^ ^ ^ A ^ 

Weight of cold water. Weight of hot water 

X its rise of temperature x its fall of temperature 

X X 


The gain will be found to be slightly less than the loss. This is 
not re^ly the case, and it only appears so because the amount of 
heat required to raise the temperature of the glass of the beaker 
containing the cold water has not been taken into consideration. 

(6) Repeat the experiment, using unequal weights of hot and cold 
water. Notice that in each case the weight of hot water x the fall 
of temperature is approximately equal to the weight of cold water 
X the gain of temperature. The difference shows the amount of heat 
absorbed by the glass of the cold beaker. 

The amount of heat gained by 1 gram of water when its tempera- 
ture is raised 1°C., or lost when its temperature falls 1°C., is 
adopted as the umt quantity of heat. 

Difference between heat and temperature. —Temperature 
is not heat ; it is only a state of a body, for the body may be 
cold one minute and hot the next. A hot body is one at a high 
temperature, a cold body one at a low temperature. If a hot 
body and a cold body are brought into contact there is an 
exchange of heat until they are both of the same degree of hot- 
ness or coldness, that is, at the same temperature. Hence, 
temperature may be defined as a condition or state of -a body wMcn 
la ohaaged by tbe gain or loss of beat. 
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Analogy of temperature with water level.— It is well 
known that if two vessels containing water and arranged at 
different levels are connected by means of a piece of india-rubber 
tubing, there is a flow of water from the vessel of water at the 
higher level towards the vessel at a lower level. This is a con- 
sequence of a property possessed by all liquids which makes 
them, as we say, seek their own level. This flow of w^ater con- 
tinues until the water in the two vessels is at the same level. 
Evidently this is a similar state of things to that which we 
have in the case of a hot and cold body in contact. In one 
case there is a flow of water until the level is the same in the 
two vessels. In the other there is a passage of heat until the 
temperature of the two bodies is the same. Temperature corres- 
ponds to water-level. 

Temperature changes when hot and cold liquids are mixed. 

— Temperature may be regarded as heat-level, so that a hot 
substance is at a higher heat* level than a colder one. Now 
suppose that a certain weight of hot water is put into one 
vessel and an equal weight of cold water into another. We shall 
then have equal weights of water at different heat-levels. If 
the two liquids are mixed together, the temperature or heat- 
level of the hot water will fall, and the temperature of the cold 
water will rise. The loss of level of one will be equal to the 
gain by the other, so that the temperature of the mixture will 
be midway between the two original temperatures. Thus, if the 
weights of water are equal, and the temperatures at first are 
60'* C. and 20° C., then the temperature of the mixture will be 
40° C. The temperature of the hot water would fall 20° C. 
and the temperature of the cold water would rise 20° C. 

The actual temperature of the mixture would be slightly less 
than the calculated temperature, because some heat would be 
lost while the liquids were being mixed. The loss . may be 
regarded as a leakage of heat, and it would of course reduce the 
heat-level of the mixture in the same way that a leak in a water- 
level apparatus would cause the level after mixing to be less 
than it would be if the apparatus were perfect. 

Quantity of heat in water at different temperatures.— 
Quantity of heat may be measured by heating effect, so that we 
can say that the quantity of heat in a certain quantity of water 
depends upon the weight of the water and its temferature^ For 

L.S. I. L 
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mj temperature, say 60° C.,'we may regard the amount of heat 
in 100 grams of water as twice as great as in 50 grams of water, 
if we imagine for the sake of simplicity that water at 0° C. con- 
tains no heat. When equal or unequal weights of water at 
different temperatures are mixed, the quantity of heat lost by 
the hot water is the same as the quantity gained by the cold 
water. The fall of temperature multiplied by the weight of hot 
#water is equal to the rise of temperature multiplied by the 
weight of cold water, f 

Unit quantity of heat. -—Now that it has been shown that a 
substance may possess different (quantities of heat, it is time to 
consider how such quantities of heat are measured As in all 
other cases of measurement, a unit or standard quantity is 
required with which fo compare quantities of heat. The unit 
quantity of heat generally adopted is the amount of heat necessary 
to raise the temperature of one gram of water through one degree 
Centigrade. This unit is called a calorie or therm. The amount 
of heat required to raise the temperature of 2 grams of water 
through r C. is thus 2 units or 2 calories. Similarly, if 1 gram 
of water at 0° C. is heated in a test-tube over a burner until its 
temperature is 1° C., it will have received from the burner 
1 unit of heat, or 1 calorie. When the temperature of this 1 
gram of water reaches 3°C. it will have received 3 units of heat. 
If the tube contains 10 grams of water at 0° C., and its tempera- 
ture is raised to 12° C., it will have received 10 times 12 units 
of heat, the number of units being equal to weight (in grams) 
X increase of temperature (id degrees Centigrade). 

. It will thus be seen that the number of units of heat taken up 
hy any weight of water as its temperature rises, or the amount 
given out by any weight of water, the temperature of which is 
falling, may be found by idultiplying the number of grams of 
water used by the number of degrees, as measured by a Centi- 
grade thermometer, through which the tempeirature rises or 
falls. This rule may be written as follows : 

Number of heat*units=s weight of water in grams x number 
of degrees Centigrade through which 
its temperature rises or falls. 
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42 . QUANTITY OF HEAT IN RELATION TO SUB- 
STANCE AS WELL AS TO TEMPERATURE AND 
WEIGHT. 


1 Tile same quantity of heat may produce different changes of 
temperature. — Weigh out equal quantities of water and turpentine at 
the same temperature in two lieakers of the same size. Tour equal 
quantities of hot w^ater at the same temperature into the cold water 
and into the turpentine. Observe the rise of t-crnjierature produ<^d 
in each case. Though the equal amounts of hot water contain the 
same quantity of heat, the rise' of tem- 
perature of the turpentine w ill be found 
to be more than the rise of temperature 
of the cold w^ater ; in other w^ords, the 
capacity of turpentine for heat is less 
than the capacity of rvater foi' heat. 

ii. Comparison of rates at which water 
and mercury gain heat — Weigh out 
eij^ual quantities of cold water and 
mercury at the same temperature in 
two test-tubes or flasks. Support the 
two vessels side by side at the same 
distan«^ above a flame, or in a largo 
beaker of boiling water. Let them 
remain for a few minutes ; then observe 
their temperatures. The rise of tem- 
perature of the mercury will l>e found 
to be greater than tfie rise of tempera- 
ture of the water ; in other W'ords, 
mercury gets hot more quickly than 
water under the same conditions. 



iii. Different quantities of heat in 
equal weights of different substances at 
the same temperature. — Place equal 
weights of lead and w^ater in test-tubes 
standing in the same beaker, and heat 


Pro 112 —Equal weights I 
water and rnercur}' do not be- 
come hot at equal lutes, though 
they both have the same <^pur- 
tunity. 


tliem over a laboratory burner “»until the water boils ; the temperature 


of both the lead and water wnll then be about KXT C. IVovide two 


beakers containing equal w^eights of cold water at the temperature 
of the room. Put the hot lead into one of these and the hot water 


into the other. Stir both mixtures and note the temperature in 
each case. The water into which the heated lead is plunged is not 
at so high a temperature as that into which the hot water is poured. 

Equal weights of water at the same temperature are thus shown 
to be heated to different degrees by equal weights of lead and w^ater 
at the same high temperature. 

iv. Capacity for beat. — Place some iron nails in a beaker, and the 
same weight of cold water in another beaker. Let the two beakers 
stand for a while so as to assume the temperature of the room. 
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Boil water in a kettle or other vessel, and pour equal quantities 
into the two beakers. Observe the|Jt 0 mperature of the mixture in 
the two beakers. The iron nails wilt ’be found to be hotter than the 


water in the other beaker, because iron takes less heat to raise its 

temperature than is required by 
an equal weight of water at the 



same temperature. 

V. Heat capacity of iron and other 
metals. — {a) Weigh out about 50 
grams of cold water and observe its 
temperature. Put into a test-tube 
an equal weight of iron tacks ; stand 
the test-tube, with a thermometer 
surrounded by the tacks, in a beaker 
of water, and boil the water 
(Fig. 113). Observe the temperature 
of the tacks, and when the v'ater 
has been steadily boiling for some 
time, take out the thermometer 
and cool it under the tap. Quickly 
pour the heated tacks into the cold 
water, and observe the temperature 
of the mixture. Notice that it is 
not so high as when the hot water 
is added. 


Fig, 113.— Method of heating- niotals ^ • 

In test-tubes for the determination of IfOnipariSOll 01 ILOSlt quantl- 

their capacity for beat. Each test- u 

tube has a loose plug of cotton wool bi6S. It nas uecii seen tiiat tn© 

at the top. quantity of heat in water depends 

upon (i.) the weight of the water, 
and (ii.) its temperature. It might be supposed, therefore, that 
as any weight of water at a certain temperature contains a 
certain quantity of heat, the same weight of another substance 
at the same temperature contains the same quantity of heat. 
This, howeyer, is not the case. 100 grams of water at a tem- 
perature of 50'^ C. always contairf 5000 units of heat,^ but 100 
grams of turpentine, mercury, lead, iron, or any other substance 
at the same temperature as the water, namely 50° C., do not 
contain this number of units of heat. The quantity of heat in 
a substance thus not only depends upon the weight and the 
temperature, but also upqn the substance itself. 


Capacity of water for heat.— -Of all known substances, 
water has the greatest capacity for heat ; consequently a larger 
amount of heat is required to raise the temperature of a 


1 Assuming for simplicity that water at 0“ C. contains no heat. 
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given weight of water through a certain number of degrees 
than is needed by an equal 'vieight of any other substance. 

Thus, suppose a pound of water be put into one flask and a 
pound of mercury into another, and that these flasks are then 
heated for five minutes by two laboratory burners, which, as far 
as we can tell, give out the same quantity of heat. The 
temperature of the two liquids at the coitimencement of the 
experiment is, say, 1 5° C. If at the end of the experiment the 
temperature of the water was 20° C., that of the mercury would 
probably be about 180° Cl, and in order to raise the water to 
this temperature, if that were possible by this means, much 
more heat would be required. Similarly, and for the same 
reason, in cooling through any number of degrees of tempera- 
ture a definite weight of water will give out a larger amount 
of heat than an equal weight of any other substance, the tem- 
perature of which falls through the same number of degrees. 

Results in nature of the high capacity of water for heat.— 
The results in nature of this great capacity for heat which water 
possesses are important. 

Though water takes a large amount of heat to warm it and is 
consequently heated by the sun’s rays only slowly, yet when it 
cools it parts with its heat ju«t as slowly. The effect of this on 
the climate of islands is very marked* The winter temperature 
is never very low, and the climate never very severe, because 
the water surrounding the country acts as a great storehouse, 
slowly giving up heat to the land. Similarly, the summer 
temperature is never unbearably hot, because the surrounding 
water takes so long to warm, and, being always cooler than 
the land, keeps the temperature of the latter from getting 
very hot. 

Temperatures produced by mixing various hot and cold 
substances. — If equal weights of lead and water be heated to 
the same high temperature, say 100° C., and the lead be plunged 
into a given weight of water at a lower temperature, say 20° C., 
and the hot water be mixed with another equal weight of water 
at 20° C., and the resulting temperatures in the two cases be 
determined, it is found that the temperature of the weight of 
cold water into which the hot water was poured is higher than 
that of the equal weight of cold water into which the lump of 
lead was plunged. Hence, equal weights of lead and water at 
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the same high temperatures cannot give out the same amount 
of heat when cooled, because they contain unequal amounts. 
The water at 100° C. contains a larger quantity of heat than an 
eouial weight of lead at 100° C., because its capacity for heat is 
ijE^ter. 

Or, if 1 lb. of water at the temperature of the air be mixed 
with 1 lb. of iron at *100° C., the resulting temperature is not so 
high as that obtained by mixing 1 lb. of water at 100° C. with 
1 lb. of iron at the atmospheric temperature. This evidently 
means that 1 lb. of water at 100° C. contains more heat than 
1 lb. of iron at 100* C., or the capacity of iron for heat is less 
than that of water. In the same way, similar experiments with 
water and mercury show that the capacity of mercury for heat 
is less than that of water. 

Comparison of capacities for heat of different metals.— 

When equal weights of water, tacks, copper-wire, and mercury 
at the same high temperature, that of boiling water, for instance, 
are each in turn stirred up with equal weights of cold water at 
the same temperature and in separate beakers, it is found that 
the hot water raises the temperature of the weight of cold water 
in which it is placed through a larger number of degrees than 
any of the other substances raise the temperature of the weight 
of water into which they are placed. This is because the capacity 
for heat of water is greater than that of any of these (or any 
other) substances. 

If the temperature is obs#ved of the mixture formed in each " 
of the cases supposed, namely, tacks and water, copper-wire and 
water, and so on, and then the number of degrees through 
which each has raised the temperature of the water into which 
it was put i» calculated, a series of numbers is obtained which 
enables a comparison to be made of the capacities tor heat of 
each of the substances experimenfed ^ith. The substances 
arranged in the order of their capacities for heat stand thus : 
(1) Iron (tacks) ; (2) Copper- wire ; (3) Mercury ; (4) Lead. 

the amount of heat required to raise the temperature of one 
gram of a suhatance through i° C. or thef^mount of heat given 
out by one gram of a substance the temperature of which falls 
through C., in comparison with the amount of heat taken up 
an equal weight of water, is known as the spedfio 
hiib e#tlie anhatanoe. 
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43. SPECIFIC HEAT. 

1 specific heat of a solid. — Weigh out into a copper calorimeter 
about 30 grams of water and observe its temperature. Introduce 
into the test-tube of the st^m-heater (Fig. 1 14) ^ut 20 grams of 
small iron tacks. Boil thlf water in the heater and cbf^erve the 
temperature of the tacks. 



Take hoW of the test-tube, or of the whole steam-heater, with a 
duster ; quickly pour the tacks into the cold water, tipping the 
heater as shown m Fig. 115, and observe the temperature of the 


mixture. 

Weight of water, gms. 

Temperature of water, ® C. 

,, mixture, - - - - ®C. 

Number of degrees through which the tem- 

W perature of the water was raised, - - “ C. 

eight of iron tacks, gms. 

Temperature ,, * °C. 

Number of degrees through which the tem- 
perature of the tacks fell, - , - - ° C. 

The heat given out by the tacks in cooling ® C. i^equal to 

the weight of water x its rise of temperatifre 


calories. 

grams of tacks in falling ° C. gave out calories. 

1 gram of tacks in falling ®C. gives out calories. 


This is the specific heat requirSl. 


No account has been taken here of the heat given to the oa|0ri*> 
meter. It is equivalent to a certain extra weight of water. 
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ii The water equiyalent of a calorimeter.— Determine the weight 
in grams of a copper calorimeter. Observe the temperature of the 
air and consequently of the calorimeter. 

Pour into the calorimeter a convenient quantity of warm water 
at a temperature of from 35° C. to 40° C. Enough to one-third 
fill the calorimeter is a good amount. Notice with a thermometer, 
which you should carefully use as a stirrer, that, on pouring the 
warm water into the cold calorimeter, its temperature falls. When 
its temperature becomes stationary, which it will soon do, record 
the temperature again. Determine the weight of the calorimeter 
and water. Subtract the weight of the calorimeter, and so obtain 
the weight of water used. 


Weight of calorimeter. 
Temperature of calorimeter, 
Weight of water, - 
Temperature of water, - 
Resulting temperature, - 


gms. 

,°C. 

.gms 

°0. 

,°c. 


The exchange of heat which takes place may be considered 
as follows : 


Weight of hot water x fall of temperature 

X 


calories. 


This gives the number of heat units used in increasing the 
temperature of the calorimeter by an observed number of degrees. 
Find from the result the number of calories required to raise the 
temperature of the calorimeter through 1°C., that is, the water 
equivalent or water value of the calorimeter. 

ill Determination of the specific heat of solids. — Determine the 
weight of the copper calorimeter, the water equivalent of which you 
have already found. Pour in enough water to one-third fill it. 
Again weigh. Put a thermometer into the water and leave it to 
take the temperature of the water. When the temperature is 
stationary, record it. Weigh out about 50 grams of short pieces of 
copper wire. Heat the copper in the steam -heater provided, and 
I'eoord the temperature of the copper with a second thermometer. 
Quickly introduqp the hot copper into the cold water, stir, note the 
rise in temperature of the water, and, wh'^n constant, record. 

Set down your observations thus : 

Weight of calorimeter and water, 

,, ,, alone, 

Therefore weight of water in calorimeter, 

Water value of calorimeter, 

Total water, 

Temperature of mixture, - 
„ „ water, 

Therefore rise of temperature, - 


gms. 

» • » • ■ >» 

>> 

tf 

° 0 . 

ff 

mi: »> 
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Quantity of heat gained, 

Weight of copper, - . . . 

Temperature of copper before mixing, 

„ ,, mixture, - 

Therefore fall of temperature, 

grams of copper in falling degrees gave out calories 

gained by cold water and calorimete” ; 
therefore 

1 gram of copper in falling degrees would give out 

calories ; 

and 

1 gram of copper in falling 1° C. would give out calories. 

The result thus obtained is the specific heat of copper. 

iv. Specific heats of liquids. —(a) Weigh a calorimeter. Half fill 
it with turpentine, and find the weight of the turpentine. Observe 
the temperature of the turpentine. Observe also the temperature of 
some boiling water. Pour boiling water into the turpentine ; keep 
the two liqi^iids well stirred, and observe the temperature of the 
mixture. Find the weight of the water added. From these 
observations calculate the specific heat of turpentine. 

(?>) Determine in the same way the specific heat of mercury. 

Examples of the determination of specific heats.— To 

obtain the specific heat of a substance, a convenient quantity of 
the substance is usually heated to a definite temperature and 
then allowed to give up its heat to a known weight of water. 
If losses through radiation and other causes are avoided as 
much as possible, the heat lost by the substance in cooling 
may be taken as equal to that gained by the water in having 
its temperature raised. The weight and rise of temperature 
of the water having been observed, this gain of heat can be 
calculated by multiplying the weight of water by its rise 
of temperature. The heat lost by each gram of the substance, 
the specific heat of whicn is being determined, in cooling 1 ° C., 
can then be calculated, and the result is the specific heat 
required. The following actual experiment will show the 
calculation necessary. 

A weighed bunch of bronze coins were heated in a steam 
heater (Fig. 114) until they acquired a constant temperature 
near 100° C. They were then quickly dropped into a known 
weight of water, the temperature of which had been deter- 
mined. After stirring thoroughly, the highest temperature 
attained by the mixture was observed. 


calories. 
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The following are the observations recorded : 
Weight of water and calorimeter, - 
Weight of calorimeter, 

Weight iof water. 

Temperature of water, - - - - 

„ warmed water, 

Therefore rise of temperature, - 

Quantity of heat gained by the water, 
Weight of bronze coins, - . - > 

Temperature of bronze before mixii^, 

,, warmed water, 

Therefore fall of temperature of coins, 


105*15 gms. 
38*87 „ 


66*28 „ 

16-7° 

C. 

23*5° 

C. 

00 

o 

£. 

66*28 

X 6*8 calories. 

67*27 

99*8° 

r- 

23*5° 

0. 

7^ 

£ 


Thus 67*27 grams of bronze in cooling 76*3° C. gave out 66*28 x 6*8 
calories, which wore gained by the water. 

Hence 1 gram of bronze cooling 76*3° C. gave out 


66*28x6*8^ 

67*27 


calories. 


Therefore 1 gram of bronze cooling 1° C. gave out 
calorie =0*087 calorie. 

67*27x76*3 


This by definition is its specific heat. 
Specific heat of bronze =0*087. 


Water equivalent of a calorimeter.— In this calculation 
no account has been taken of the heat spent in warming the 
calorimeter. Its presence is equivalent to an extra quantity 
of water. The amount of water the calorimeter is equivalent to 
is called its wateiT value. The following ‘is an actual experiment 
made to determine this. 

A calorimeter was taken, weighed, and placed in cotton wool 
in a large beaker. It was then partly filled with a weighed 
quantity of cold water. Into this was poured a quantity of 
warm water, and the whole stirred until a constant tempera- 
ture was reached, which was observed. 

Temperature of cold water, - - - 14*6° C. 

„ warm ,, . - . 0. 

„ mixture, ... - 34*7° 0. 
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Therefore fall of temperature of warm water, 28 *3® C. 

And rise of temperature of calorimeter 

and cold water, 20*1° C. 

Weight of calorimeter, - - - - 38*87 gms. 

,, ,, and cold water, - 90*33 ,, 

,, ,, and mixture, -• 129*76 ,, 

Therefore weight of cold water alone, - 51*46 „ 

And ,, warm water alone, - 39*43 ,, 

Therefore the heat given out by the warm 

water, 39*43 x 28*3 calories. 

This would raise the temperature of 39*43 x 28*3 grams of water 
through 1° C. 

OQ. 4.0 y 98*^ 

Therefore this would raise — *’ = 55.5 orrams of water 
through 201° C. 201 

It actually raised 51 *46 grams of water through this temperature. 
The calorimeter was therefore equivalent to 

55*5 ~ 51 *46=4*04 grams of water. 

Therefore water value of the calorimeter =4 *04 grams. 

This result can now be applied to improve the calculation of 
specidc heat in the first experiment. 

Weight of calorimeter and water, - - 105*15 gms. 

,, ,, alone, - - - 38*87 „ 

Weight of water in calorimeter, - ^ - 66*28 „ 

Water value of calorimeter, - - »» 

Total water, - - . . 70*32 „ 

Temperature of warmed water, - - 23*5® C. 

„ water, ... - 16*7® C. 

Therefore rise of temperature, - - - 6*8° C. 

Quantity of heat gained, - - - - 70 *32 x 6*8 calories. 

Weight of bronze coins, - - - - 67*27 gms. 

Temperature of bronze before mixing, - 99*8® C. 

,, ,, in water, - - 23*5® C. 

Therefore fall of temperature, - 76*3° C. 


67*27 grams of bronze in falling 76*3 degrees gave out 70*32 x 6*8 
calories. 

Therefore 1 gram of bronze in falling 76*3 degrees would give out 


70*32x6*8 
~ 67 *27 


alories. 


And 1 gram of bronze in falling 1® C. would give out 


calorie =0093 calorie. 

67*27 X 76*3 


The result thus obtained is the specific heat of bronze. 
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44. LATENT HEAT. 

i Heat required to melt ice. — (a) Let a few lumps of ice stand in 
a beaker until some of them have melted. Notice that the tempera- 
ture is 0® C. Counterpioiso two empty beakers of the same size in 
the pans of a balance, and put a small lump of the ice into one, and 
the same weight of water from the melted ice in the other. You 
have thus equal weights of ice and water at (f C. Pour equal weights 
of hot water into the two beakers. When the ice is melted, observe 
the temperature of the water in each beaker. The t/cmperature of 
the water in the beaker in which the ice was placed will be found 
much lower than that of the water in the other beaker, owing to the 
ice using up a large quantity of the heat in molting into water. 

(6) Take equal weights of hot water in two large l)eakers of the 
same size. Place a piece of ice in one of the beakers, and observe 
the temperature of the water when it has melted. Pour ice-cold 
water into the other beaker until the same temperature is reached. 
Find the weights of ice and ice-cold water which have been added. 
It will bo found that a small weight of ice has as much cooling 
effect as a large weight of ice-cold water. 

it Heat required to melt one gram of ice.- Weigh about 300 gms. 
of warm water into a beaker, and observe its temperature. Put a 
few small pieces of ice into the water, stir them round with the 
thermometer, and, as soon as they have molted, again observe the 
temperature of the water. Now make another weighing, and find 
out by subtraction the weight of the ice added. From these results 
calculate in the way shown on p. 173 the number of heat units 
required to melt one gram of ice. 

Latent heat. — The experiments which- have just been 
described are of the greatest irnpoitance, and should be 
understood clearly. It is certain that when a mixture of 
ice and water is heated over a laboratory burner, heat is 
being continually given to the mixture. Yet the tempera- 
ture as recorded by the thermometer gets no higher. The 
question arises, what becomes of this heat, as it has no effect 
upon the temperalure of the mixture? The ice is gradually 
melted, and if the heating is continued long enough it is all 
changed into water. As soon as this has happened, every 
further addition of heat raises the temperature of the water. 
These considerations lead to the conclusion that the heat pre- 
viously given to the mixture is all used up in bringing about 
the. change of ice into water. Further, it is found that not only 
in the case of ice, but when any solid is turned into a liquid, 
tb©re is no increase in temperature, even while heat is being 
added, until the whole of the solid has been changed to a liquid. 
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This amount of heat which is necessary to change a solid into 
a liquid is spoken of as latent heat. The word latent comes from 
a Latin word, meaning “ lying hidden,” and refers to the fact 
that the heat used up in changing a solid to the liquid condition 
has no effect upon a thermometer, but appears to be hidden 
away in the liquid. 

How the latent heat of water is measured.— To find out 
how many units of heat are required to melt a gram of ice, 
we mix together known weights of warm water and ice, the 
temperature of both being known, and then record the tempera- 
ture of the mixture at the instant the last piece of ice dis- 
appears. The facts which in this way become known are as 
follows ; 

i. Weight of warm water in grams, 

ii. Weight of ice in grams. 

iii. Temperature of warm water. 

iv. Temperature of the ice. 

V. Temperature of the mixture at the instant the ice finally 
disappears. 

vi. Number of degrees through which the temperature of the 
water falls. 

The observations can be used to determine what number of 
heat units have been lost by the water, and what number have 
been gained by the ice and by the water into which the ice is 
changed as it melts. 

The loss of heat is at once calculated by knowing that the 
temperature of a certain number of grams of water has fallen 
through a given number of degrees, and if these numbers are 
multiplied together the result shows the number of units of 
heat lost by the warm water. 

The gain* of heat consists of two parts ; first, the number of 
units of heat necessary to melt a known number of grams of 
ice, and this number we do not know. Secondly, the number 
of units of heat required to raise the tempefature of the water 
at O'* C. (formed by melting a known number of grams of ice) 
up to the temperature of the mixture. This number of units of 
heat can be found by multiplication. 

We also know that the total loss of heat and the total gain of 
heat are equal. Consequently, "it should be plain that the 



174 


LESSONS IN SCIENCE 


difference between the two known results thus obtained tells 
the number of units of heat used up in melting the ice. 

Latent heat of water.— The number of units of heat which 
are required to change the state of a gram of ice, converting it 
from the solid to the liquid condition, without raising its 
temperature, is called the latent heat of water, or the latent 
beat of fusihn of Ice. To taelt one gram of ice requires 80 heat- 
units. That is to say, as much heat as would raise the tem- 
perature of a gram of water through 80'" C., or would raise the 
temperature of 80 grams of water through T C., is used up in 
changing a gram of ice into a gram of water at the same 
temperature. Similarly, to melt 1 lb. of ice requires as many 
heat-units as are necessary to raise the temperature of 1 lb. 
of water from 0® C. to 80® C., or as much heat as is wanted to 
raise the temperature of 80 lbs. of water through one degree 
Centigrade. 

Natural consequences of the latent heat of water.— Just^ 
as it is necessary before a pound of ice can be changed into a 
pound of water to supply to amount of heat which would raise 
the temperature of a pound of water through 80® C., so before 
a pound of water can be changed into a pound of ice, we must 
take from it precisely the same amount of heat. This is why it 
requires several cold nights to cover a pond with ice, for not 
until every pound of water at the surface has had this large 
amount of heat taken from it can it change into ice. For just 
the same reason, it takes a very long time to melt completely 
the snow in the roads and the ice on the ponds, even after a 
thaw has set in. 


45. HEAT ABSORBED IN THE CONVERSION OF 

wat£b into steam. 

lAtent heat of steam. — Arrange a flask Math the connections shown 
in Fig. 116. The short length of wider glass tube is a trap to catch 
condensed steam. Put some water into the flask and boil it. 
While the water is getting hot, weigh out about 300 grams of water 
in a beaker or a thin metal vessel, and observe its temperature. 
After steam has been issuing from the glass tul^ for a few minutes, 
|di^oe the vessel so that the end of the tube is well under the 
and let it stay there until the thermometer records a 
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temperature of about 40° C. Then weigh the water again to find 
the weight of steam condensed. Enter the observations as 
follows : 


Weight of water - - . gms. 

Weight ( )f wat er + wei gh t 

of condensed Rt< 'am gms. 

Weiglit of condensed 

steam - - - gms. 


Temperature of water 

at beginning - ®C. 

Ternjieraturc' of water 

at end - - - "C. 

Rise obtemperature °C. 



Frr; nT).— Apiiaratns for determmin^r the heat given up when steam 
condeiiacH inte water. 


As behaag the changes of temperatuie can be arranged under two 
heads : 


Uatn. 

The temperature of ... . gms. 
of water was raised tlirongli 

° G. Tlie (juantity of lieat 

used equals weight of water ' 
ris^ of temperature. 

— heat units. 


Loss. 

gins, of steam were con- 
dmised to water at 100“ C. 

The teni]H'rature of . gms. 
of water at 1(K)“ C. fell to . . . , 

that is, through • “ C. , find tlie 

quantity of lieat thus given up 
equals weight of eondensed steam 
(water) v fall of temperature. 

— . . heat units. 


Find the number of units given out by 1 gram of steam at 100“ C, 
in condensing to water at 100“ C. 



176 


LESSONS IN SCIENCE 


Lat&nt heat of steam, — It is familiar now from many 
experiments that heat is required to convert water into steam. 
After what has been learnt about the latent heat of water, you 
will have no dift^eulty in understanding the reason for this. 
All the heat is absorbed, or used up, in bringing about the 
change from the liquid state to that of vapour. It requires a 
great many more heat-units to convert one gram of water at a 
temperature of 100'’ C. into steam at the same temperature, 
than it does to change a gram of ice at 0° C. into a gram of water 
at 0° C. Whereas to bring about the latter change requires an 
expenditure of 80 heat-units, to convert a gram of water at 
100° C. into a gram of steam without changing its temperature 
requires no fewer than 536 heat-units. Thus the latent heat 
of steam, or as it is sometimes called, the latent heat of 
vaporisation of water, is 536. Expressed in another way, we 
may say that it requires as much heat as would raise the 
temperature of 536 lbs. of water through 1° C. simply to bring 
about the change of one pound of water at 100° C. into one 
pound of steam at the same temperature. It must also be 
remembered that a liquid is never changed into a vapour 
without some absorption of heat. This is true whether the 
change takes place quietly in evaporation or rapidly as in 


boiling. 





Specific heats. 


Brass, - 

- 0*0939 

Lead, - 

- 0*0315 

Gas coal, 

- 0*3145 

Marble, 

- 0*2158 

Copper, 

- 0*0933 

Paraffin, 

- 0*622 

Glass, crown, 

Gold, flint, - 

- 0*161 

Steel, - 

- 0*118 

- 0*117 

Sulphur, 

- 0*234 

Iron, - 

- 0*1124 

Zinc, 

<b 

- 0*0935 


Melting points and latent heats of fhsioiL 


u 

Meltino Point, j 

IjATENt Heat. 

Ice, 

o°c. 

79-2 

Beeswax, .... 

62 

42-3 
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]$oiling points and latent heats of vaporisation. 



Boiling Point. 

Latent Heat. 

Steam, 



100° c. 

536 

Alcohol, - 


. 

78 ^ 

205 

Turpentine, 


- 

U9 

74 

Sulphuric acid. 


- 

338 

— 

Hydrochloric acid, - . 


- 

110 

— 

Nitric acid. 

- 

- 

86 

— 

Glycerin, - 

- 

' 

290 

— 


CHIEF POINTS OP CHAPTER XI. 

Temperature may be defined as a condition, or state, of a body 
•which is changed by the gain or loss of heat. It corresponds to 
water-level, and may be regarded as heat-level. 

The unit quantity of heat is the amount of heat necessary to raise 
the temperature of one gram of water through one degree Centi- 
grade. taiis unit is called a therms or a calorie. 

The number of heat-units taken up or given out by a quantity of 
water being heated or cooled is equal to the weight of water in 
grams X number of degrees Centigrade through which its temper- 
ature rises or falls. 

The capacity for heat of a substance is analogous to the capacity 
of a vessel for fluids. Water has a greater capacitv for heat than 
any other substance. Its high capacity for heat has a beneficial 
influence on the climate of islands. 

In determining the number of heat-units lost or gained by a 
substance, its capacity for heat must be taken into account as well 
as its weight and its temperature. In fact ; 

Number of heat-units = weight of substance x its rise or fall of 
temperature x its capacity for heat. 

The speoifle heat of a substance may be defined as the amount of 
heat required to raise the temperature of one gram of the substance 
through 1°C. Or, the amount of heat given out by one gram of a 
substance, the temperature of which falls through 1°C., in com- 
parison with the amount of heat given out by an equal weight of 
water, the temperature of which fadls through 1°C. '* 

Latent heat.— The heat used up in changing a solid into a liquid, 
or a liquid into a gas, without change of temperature, is known as 
latmt nmt. 

Latent heat of water. — The number of heat-units required to con- 
vert one gram of ice at 0® C. ipto water at the same temperature is 
known as the IcUmt hmt of water. Its numerical value is 80. 

L-3. 1. u 
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Latent heat of steam. — The number of heat-units required to 
change one gram of water at 100° C. into steam at the same tem- 
perature is known as the latent heat of steam. Its numerical value 
IS 536. 


EXEBCISES ON CHAPTEB XL 

1. One hundred grams of boiling water are poured upon one 
hundred grams of ice. What results may be observed? 

2. Four ounces of hot lead filings and four ounces of water at the 
same temperature are poured upon separate slabs of ice. Will the 
lead or the water melt more ice ? (tive reasons for your answer, 

3. An ounce of water at 0° C. is mixed with ten ounces of water at 
70° C. What is the temperature of the mixture ? 

An ounce of ice is dissolved in ten ounces of water a-t 70° C., and 
the temperature of the mixture is found to be something over 56° C. 
What can be learnt from this experiment ? 

4. Suppose that it requires 80 times as much heat to melt one 
ton of ice as would be required to warm one ton of water one degree 
of temperature on the centigrade scale, how much of the ton of ice 
would be melted by pouring into a cavity in its surface a gallon of 
boiling water? (A gallon of water weighs 10 lbs.) 

5. How would you propose to prove by experiments that to boil 
away a gallon of water requires about 5J times as much heat as is 
needed to raise it from the freezing to the boiling point ? 

6. A silver tea-pot weighs 300 grams. One gram of silver 
requires as much heat to warm it as would be required by 0*056 
gram of water to warm it equally. . The tea-pot contains 20 grams 
of tea-leaves, and each gram of tea-leaves requires as much heat 
to warm it as would suffice to warm equally 0*5 gram of water. 
If 600 grams of boiling water be poured into the tea-pot, calculate 
the hipest temperature of the tea, assuming that tea-pot and 
tea-leaves were originally at a temperature of 15° C. 

7. By what experiments would you show that different amounts 
of heat are absorbed when equal masses of different substances are 
heated through the same range of temperature ? 

8. By what experiments could you show (a) that copper conducts 
heat better than iron ; {h) that iron gives out more heat than an 
equal mass of copper would do in cooling through the same given 
range of temperature ? 
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TRANSFERENCE OF HEAT. 


46. TRANSFERENCE OF HEAT. CONDUCTION. 


i. Relative conductivities of metals. — Obtain wires or strips of 
copper, iron, brass, German silver, and of any other metals avail- 
able. Let the diameters b(‘ tht‘ same as nearly as possible, and 
the lengths about 15 or 20 cm. 

Place th(} wires upon a clay tile H 

or other suitable support, as I 


shown in Fig. 117. Support the 
tile in a horizontal position and 
heat the wires with a flame 
where they meet. After a few 
minutes slowly move a safety 
match along each wire in suc- 
cession, commencing at the ends 
away from the flame, and notice 
the points at which the matches 
will light. Repeat the experi- 
ment several times ; then take 
away the flame and measure the 
distance of these points from 
the heati'd ends. Find the 
average distance for each wire. 

Make a list of these dis- 



tances in order of magnitude 
putting beside each measure- 
ment the substance to which 


Fio. 117. -Experiment to illustrate 
the conduction of different rnetal 
wires. 


it refers. Note what this order 


suggests as to the relative conductivities of the substances, 
ii. Lowering* of temperature by conduction. — (a) Make a short coil 
of stout copper wire J-inch internal diameter. Pats it over the 
wick of a candle without touching the wick. I’he candle is extin- 
guished. Is the flame simply muflled out ? Convince yourself as to 
what really happens. 

(h) Turn on, but do not light, a gas jet. Hold oveu- it a wire 
gauze, and light the gas al»<»\e the gauze. Notice that tli(‘ flame 
do(‘.s not strike tliroiigli (Fig- US). Why? Vary the experiment 
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by lowei’ing a piece of cold wire j.'-auze u})on an ordinary Bunsen 
liaiiu\ What happens (Fig. 119) 




Fk;. 118.— I'o illusti.dt K\pt 39 ii (b). Fa.. 1 Ur -To illustrciU 3e n. (/,). 

by lowering a piece of cold wire j. mze upon an ordinary Bunsen 
flaiiue What ha])pens (Fiy IMll 

(e) Wrap a piee(' of pa]K i Miio(»(hl\ lound a brass tiilx' and hold 
in th(‘ Ilanu‘ of a gas biiriior 'Tiio papn is not scoreluMl. Wrap 
tlie pajier around a woodiai lod ot the sauie size, and heat as before : 



the papt r is s( oi-('h<‘d ( h ig 120). Brass is a good conductor, wood 
but a [>oor oiks How does this exjiLun what you luni' noticed ? 

iii. Water ia a bad conductor of >heat.— Fill a test-tube three- 
quarters full wnth cold water, and having waaghted a small piece of 
K'e by winding wire round it, or in some othtu' way, droj) it into the 
ti'st-tiibt'. Hold Hie lost-tub(' iK'ar the iKittom wlic-n' Hu^ jmaa* of 
ice IS, and waiiii Hie top of the water m a Bunsen tianie, as showui in 
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Fig. 121. The water at the top can be heated until it boils 
vigorously and yet the ice is not melted. Why has the ice received 
insufficient heat to melt it ? 

iv. Gases are bad conductors of heat.— (a) Examine the shadow of 
a red-hot poker. Notice that the heating of the^iir as exhibited by 
its flickering extends but a little way downwards, thus showing that 
air is a bad conductor of heat. 

(h) Place a little lime in the palm of the Ifhnd and bring the point 
of a hot poker upon it. The air enclosed in the lime does not con- 
duct the heat of the poker, so the hand is not burnt. 

Conduction of heat. — Heat may pass from one particle of a 
body to the next, travelling from the hotter to the colder parts, 
and causing no visible motion of the particles of the body. 
This mode of transference is called conduction, and is the pro- 
cess by which solids are heated. By touching a succession of 
things in a room, say the marble mantel-piece, the fender, the 
back of a chair, the hearth-rug, we obtain a succession of sensa- 
tions ; the first two we say are cold, the chair-back not quite so 
cold, while the rug feels quite warm, and yet they are one and 
all under the same conditions and there is no reason why they 
should not be at the same temperature. The explanation of these 
different sensations is really simple. Tn all those cases where 
the hand receives heat we feel the sensation of warmth, while in 
those where the hand gives out heat we say the thing is cold or 
cool. Now it can be seen why the fender feels colder than the 
hearth-rug. The fender takes more heat from the hand than 
the hearth-rug, and it does so because it is a better conductor 
of heat. 

It is worth while to consider this expression a little. Put one 
end of a short metal rod in a fire and hold the other. Soon the 
rod begins to feel warm, ^and as time goes on it gets warmer 
and warmer, until at last it can be held no longer. Heat has 
passed from the fire along the rod, or has been conducted from 
the fire by the rod. 

The process by which heat passds from one particle of a body to 
the next is called conduction, and the body along wMch it passes is 
hnown as a conductor. 

Ch>od'^d bad conductors. — Those substances which easily 
transluit heat in this way are called good conductors, while those 
which offer a considerable amount of resistance to the passage 
of heat are called bad conductors. 
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Metals are, as a rule, good conductors of heat, but some metals 
conduct heat better than others. 

Most liquids are bad conductors of heat, though quicksilver, 
being a metal, is an exception. If liquids were heated only by 
conduction, water would boil throughout just as quickly when 
the source of heat was^ placed in contact with the top layer of 
liquid as it does when the heating takes place from below. 

Gases are even worse conductors of heat than liquids. In 
reckoning the conductivities of solids the proportion pf heat 
carried by the air may be neglected. It is very small. 

Everyday uses of bad conductors.— To k^ep ice in the warm 
days of summer the custom is to wrap it up in flannel and put 
it into a refrigerator. The flannel, because of its loose texture, 
encloses a quantity of air, which, being a bad conductor of heat, 
prevents the passage of heat from the warn, outside air to the 
i^old ice inside. Similarly, ice which 
has to he conveyed by rail or boat is 
packed in sawdust. 

The refrigerator itself, too, depends 
upon much the same facts. The 
common form consists of a double- 
walled box with a ^ space between the 
walls. This is either left “ empty,” 
as it is called when it k full of air ; 
or, it is filled with some other bad 
conductor, such as the mineral sub- 
stance asbestos. 

If we wish to lift a hot plate we 
hold it with a folded cloth which does 
not readily conduct heat. Cylinders 
of engines are sometimes encased in 
a packing of some badly conducting 
material in order to prevent loss of 
heat. 

47. CONVECTION. 

F1<^ i2i-Conve(,tion currenta i- Convectiott in a liquid.— Heat over 
in water. a ^niall flame a round- bottomed flask full 

of water, as in^Sg. 122. Throw into 
the water some solid colouring matter, likfe^fjwhineal, aniline dye, 
litmus, etc. Notice how the hot, coloured water ascends. 
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ii. Convection currents in gases. — (a) Place^ a short piece of candle 
in a saucer, light it, put a lamp glass over it, and pour sufficient 
water into the saucer cover the bottom of the lamp glass (Fig. 123). 
Watch how the light of the candle is affected. Next out a strip of 
card less than half the height of 
the lamp glass, and nearly as wide 
as the internal diameter of the top. 

Insert the card into the lamp glass 
so as to divide the upper part into 
halves. Now light the candle 
again, and see whether it will burn 
with the divided chimney over it. 

Test the direction of the currents 
of air at the top of the chimney 
by holding a smoking taper or 
match over it. 

Process by whicb liquids are 
heated. — The process by which 
water and other liquids . are 
heated may be studied easily 
heating water into which 
some solid colouring matter, like 
cochineal, aniline dye, litmus, etc., 
has been thrown, in a round- 123.— Convection currents In 

bottomed flask over a small 

flame as in Fig. 122. The water nearest the flame gets heated, 
and conseqi^ently expands and gets lighter. It therefore lises, 
and causes a warm ascending current of coloured water. But 
something must take the place of this water which rises, and the 
cold water at the top, being heavier than the warm water, sinks 
to the bottom and occuj:)ies tlie space of the water which has 
risen. This water in its turn gets heated and rises, and more 
cold water from the surface sinks. Upward currents of heated 
water and downward currents of cool water are thus formed, 
until by-and-hy the whole of the water is heated. These 
currents are known as convection currents, and the process of 
heating in this manner is called convection. Eventually the 
whole of the water gets so liot that the bul^bles of vapour 
which are formed near the source of heat are not condensed 
again in their upward passage through the liquid, and coming 
to the sui’face they escape as steam. 

Gases are similarly heated by the process of convection, which 
may be thus defined : — Convection is the process by which fluids 
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(liquids and gases) become beated by the actual movement of their 
particles due to difference of density. 

Ventilation. — The ventilation of ordinary dwelling rooms is 
easily possible because of the way in which gases become heated 
by convection. The air in a room becomes warmed and is 
rendered impure at “the same time. Consequently there is a 
tendency for the impuiie air to rise, and if a suitable place near 
the ceiling is made for it to get out, as well as a place near the 
floor for the colder, purer air from outside to enter, a con- 
tinuous circulation of air is set up which will keep the atmo- 
sphere of the room pure and sweet. 

To show convection currents in air, place a short piece of 
candle in a saucer, light it, put a lamp glass over it, and pour 
sufficient water into the saucer to cover the bottom of the 
lamp glass (Fig. 123). In this case the light of the candle is 
aflected and eventually goes out. But if a strip of card is 
cut less than half the height of the lamp glasvS, and nearly 
as wide as the internal diameter of the top, and is inserted 
into the lamp glass, so as to divide the upper part into halves, 
and the candle is again lit, it will be seen to continue to burn 
with the divided chimney over it. The simple change has 
secured a well directed current of air which feeds the flame. 
The direction of the current through the top of the chimney can 
be shown by holding a smoking taper or smouldering brown 
paper over it. 


48. RADIATION. 

i Heat traaemitted by radiation.— (a) Place the differential thermo- 
meter (Fig. 90) about a foot away from the flame of a laboratory 
burner so that both its arms and the flan\e are in one straight line. 
Notice that the bulb of the thermometer nearer to the name is 
hotter than the one more remote. How does the heat of the flame 
travel to the thermometer ? 

(b) Arrange the bulbs of the thermometer a foot above the flame 
and observe that the nearer bulb is warmed much more than before. 
The bulb in this gase is heated by convection as well as radiation. 

(c) When vou have an opportunity, focus the rays of the sun 
upon the baot of your hand by means of a reading glass. This can 
he done by placing the reading glass between the sun and the hand 
and moving the glass until the brightest image of the sun is obtained. 
Notice that the heat is very intense and burns you. Notice that 
tlie glass itself is not heated to the same extent. 
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iL Effect of surface upon radiation and absorption.— (a) Obtain two 
small bright tin cans or canisters, and fit into each a cork having a 
hole through which a thermometer will pass. ’ Cover the outside of 
one of the vessels with lamp-black by holding it over a candle or 
luminous gas flame, or over burning camphc^. Put the same 
quantity of hot water at the same temperature in each, and then 
cork up the vessels, each cork having a tlierihometer through it so 
that the bulb is well immersed in the water. Observe the tempera- 
ture of each vessel of water, and if the temperature of one is higher 
than that of the other, cool the vessel until the temperatures are 
equal. Then put the vessels in a cool place where there are no 
draughts, and after 20-30 minutes again read the temperatures. 

The blackened vessel will be found to. have lost or radiated more 
heat than the bright one. 

(b) Similarly pour equal amounts of cold water of the same tempera- 
ture into a blackened and a bright vessel, and hang them for 20-30 
minutes before an even fire or closed stove, or at the same distance 
above an iron plate, supported on a tripod stand and heated by a 
laboratory burner so that they may be in a position to receive heat 
equally. At the end of this time observe their temperatures. The 
blackened vessel will be found at a higher temperature than the 
bright one. Which vessel absorbed more heat ? Compare with the 
vessel which radiated more in the last experiment. 

Radiation of heat. — The fact that you feel warm in a 
summer sun, or that bread can be “toasted” by holding it 
near the fire, is suflicient to convince you that heat can travel 
from one place to another in a third way which is neither con- 
duction nor convection. The respects in which radiation differs 
from the other ways in which heat moves from one place to 
another are : 

(1) it travels in straight lines, and 

(2) it does not warm the medium through which it travels. 

Although you may not have thought of the fact that radia- 
tion travels in straight lin^es, you have made use of it when you 
have screened your face from the heat of the sun or of a fire. 
When you wish to protect yourself from the glare of the 
summer sun you seek a shady space because then some object, 
it ma^y be a tree or a house, is in the straight line between you 
and the sun. .« 

Curtains have sometimes been burnt by the sun’s rays being 
concentrated upon them by a bottle of water, though the water 
is not warmed much by the passage through it of th© radiations 
from the sun. Evidently, then, the water in such a case does 
not pass on its heat after first becoming warm itself. It 
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does not act as a conductor. Yet something must pass 
through it which can make bodies hot. This something is 
called radiation. Its nature is simply a wave motion in 
the medium thro^igh which the rays pass. This medium is 
known as “ether,” *but it is in no way connected with the 
liquid ether used for scientific purposes. The ether is little 
more than a name, /or, though something must exist to 
transmit waves of light and heat, nothing is certain as to 
its constitution. 


49. DEW. 

i. Condensation of moisture.— >(a) Breathe on various cold objects 
such as a mirror or polished metal. Note what happens. 

(6) Bring a glass of cold water into a warm class-room. Observe 
the dull film of moisture deposited on the glass. 

(c) Does dew form on one species of plant more than another, or 
on any one part of a leaf in particular ? 

(d) Choose a clear, still evening, and arrange stones, pieces of 
slate, and sheets of paper on grass ; examine them the next morning 
as soon after sunrise as possible. Which surface, the under or the 
upper, is more bedewed ? 

(e) Invert a few tumblers, earthenware jars, etc., some on grass 
and some on soil, both on clear nights and on cloudy nights. As in 
the last exercise, examine them as soon after sunrise as possible. Is 
there a deposit of dew inside the jars, etc. ? 

(f) Repeat the last exercise, but place the jars, etc., on metal 
plates, slates, or tiles. Examine the inside and outside of the jars, 
etc. , as before, and record the results. 

Dew. — Dew differs from the forms of condensed moisture seen 
in mists, clouds, rain, and snow, in being formed upon the 
surface of the earth. After sunset, the surface of the earth, 
which has been receiving heat throughout the day, begins to 
radiate this heat in the manner already described. Different 
parts of the earth possess differing powers of radiation. Those 
which during the day absorb heat to the greatest extent 
radiate it most abundantly after the sun has disappeared, and 
consequently become cooled before those the radiating power 
of which is si^iall. Similarly, the air in contact with these 
bodies also becomes cooled and is then unable to hold as much 
water vapour as before and the surplus is deposited in the 
form of dew. 

For an abundant formation of dew several conditions are 
necessary. First, radiation must go on freely, and this happens 
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on bright clear evenings when there are no clouds to obstruct 
the radiation. The air which is being cooled by contact with 
the body from which free radiation is taking place must not be 
disturbed before the dew-point is reached, or no dew will be 
thrown down, that is, the evening must still. A breeze will 
constantly renew^Xhe air above the body which is being cooled 
by radiation and will prevent the dew-point being reached. 
Good radiating surfaces are those of leaves — whether of grass 
or other plants — also stones. 

Side by side with this simple condition of things another 
process is going on which considerably augments the amount 
of dew formed. Throughout their life, plants continually 
give off water in the form of vapour, which is exhaled 
thiough the numerous apertures spread over their leaves, 
especially the under surfaces. This process, which is known as 
transpiration., supplies a very large amount of water vapour to 
the air. When the cooling referred to above has gone on for 
some time, and the dew'-point has been reached, the transpired 
moisture, instead of diffusing into the atmosphere in the state 
of vapour, is condensed at the stomata^ as the little apertures 
are called, as soon as it comes into contact with the cooled 
air. Thus all the dew is not obtained directly from the 
atmosphere. 

Hoar-frost — or as it is sometimes called white-rime or simply 
rime — is deposited instead of dew on those evenings when the 
radiation cools the overlying air to the temperature of freezing 
water before any deposition of moisture takes place. Hoar- 
frost is not frozen dew. It does not first assume the liquid 
condition, but is precipitated at once in the solid form. In 
these circumstances the » dew-point is at or below the freezing- 
point. 


50. DETEEMINATION OP THE DEW-POINT. 
H70E0METEBS. 

■% 

L Mason’s hygrometer. — Take two precisely similar unmounted 
thermometers. Simply hang one from a suitable support, such as 
the ring of a retort stand. Cover the bulb of the other with a square 
of muslin tied up round it to form a bag. The muslin is best tied 
just above the bulb by a piece of thread. To this piece of thread 
attach several other long pieces of thread and let them dip into 
a glass of water. When the muslin has become thoroughly damp, 
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compare the readings of the two thermometers (Fig. 124). Notice 
that the temperature recorded by the one ,with the wet muslin 
round it is lower than that shown by the other. 

The two thermometers used in this way form what is known as a 
hyfjrometery or a wet-^and drtf-lndh thermometer, 
ii. Regnaault^s hygrometer. — Fit up a large test-tube in the manner 
shown in Fig. 125 where rx is a right-angled glass tube whieli dips into 
some ether in the test-tUibe; h is a second glass tuV)e Ian it at right 
angles, which just passers throiigh the india-rubber- stepjxn- ; e is a 
delicate thermometer dipping into the ether ; (i is a piece of india- 



Fio. 124* —The bulb of ono thermomoter is 
kept moist, and tho^ evaporation of this 
moisture causes this thermometer to slK)vr 
a lower temperature than the other. 



Fig. 125. — Experiment to 
illustrate the action of Reg^ 
nault’s hygrometer. 


rubber tubing attached to the tube a. A second thermometer is 
supported in the neighbourhood of the apparatus for recording the 
temperature of the air. Blow through d. This causes the etlier to 
become vaporised, the vapour escaping through b. This vaporisation 
is effected at the expense of the heat in the test-tube, which 
consequently becomes cooled, and after a time moisture is found tc 
be deposited on tlie outside of the test-tube. At the instant such 
deposition occurs read the thermometer e. Stop blowing and read 
the temperature agnin at the instant the moisture outside the test- 
tube disappears. The mean of these two temperatures is the 
dew-point. 

Mason's hygrometer. — Mason’s instrument consists of two 
precisely similar thermometers, suitably attached to a frame as 
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in Fig. 124. Round the bulb of one of the thermometers is 
tied a piece of muslin, to which cotton threads are attached, 
these hang down into water kept in a glass, supported as 
shown in the figure. The instrument depends for its use 
upon two facts which have been brought bfefore the student’s 
attention already. The first is that wafer is vaporised only 
at the expense of a certain amount of heat ; and, secondly, the 
quantity of water vapour which air can take up at any tem- 
perature depends upon the amount already contained by it. 
Water rises up the cotton threads by the force known as 
capillary attraction, and consequently keeps the muslin moist. 
The water on the muslin evaporates, getting the heat necessary 
for evaporation from the bulb of the thermometer which it 
surrounds. The thermometer is thereby cooled, and the column 
of mercury sinks. This process continues until the air round 
the bulb is saturated and evaporation ceases. Thus the wet- 
bulb thermometer records a lower temperature than the one 
with a dry bulb. The difterence between the readings is 
greater the drier the air at the commencement of the obser- 
vation, and it provides a means of estimating the amount of 
water-vapour present by seeing how much more must be 
added to saturate the air. 

The wet- and dry-bulb thermometer, as Mason’s hygrometer 
is called, is usually employed to indicate the relative amount 
of moisture in the air, but the readings may also be used to 
determine the dew-point (that is, the temperature at which dew 
would be deposited from the air at the time of observation) by 
a simple calculation in connection with a set** of hygrometrical 
tables prepared for the use of practical meteorologists. When 
the dew-point has been found, the relative humidity of the air 
or the percentage of saturation can be determined. 

Regnault*s hygrometer.— -Regnault’s hygrometer depends 
upon the same principle as that exemplified by Expt. 60 ii. 
The construction of this instrument is shown in Fig. 126. 
D, D are two polished silver thimbles, in which are arranged two 
test-tubes. The one on the right is half full of ether, and 
passing down into this ether is a right-angled tube t and a delicate 
thermometer T. There is a side tube in connection with that in 
the right-hand thimble which puts this test-tube in connection 
with a hollow tube, i7F, which by means of a piece of india-rubber 
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tubing can be placed in connection with the aspirator J. The 
tube in the left-hand thimble is not in connection with f7F, the 
thermometer in it being used only to read the atmospheric te«i* 
perature. The stopcock shown is turned on, and air is drawn 


T 



Fin. 120.— Rcgnault’s Jjygfrometer. 


through the etlier by means of the aspirator, resulting in a 
deposition of moisture on the outside of the right-hand thimble 
i). The moment at which this deposition occurs the thermo- 
meter T is read. The blowing is stopped and the temperature 
is read again at the instant dulness disappears. The mean of 
these two temperatures gives the dew-point. 


CHIEF POINTS OF OIJAPTER XII. 

Heat is transmitted in three ways (1) by conduction, (2) by con- 
vection, (3) by radiation. 

Conduction is the process by which h(3at passes from one particle 
of a body to the next. 

Gases are woj^se conductors than liquids, and liquids are usually 
worse conductors than solids. 

Convection is the process by which fluids (liquids and gases) 
become heated liy the actual movement of the particles of the fluid 
due to difference of density. 

Heating buildings by hot water and methods of ventilation are 
applications of lieating by convection. 
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Radiation differs from conduction and convection in two ways (1) 
it travels in straight lines, (2) it does not w arm the medium through 
which it travels. 

If air containing water vapour is cooled sufficiently it will yield 
up its excess of moisture. The temperature at which this depo- 
sition takes place is called the dew-point. * 

When air has as much water vapour as it con hold it is said to be 
saturated with it. 

The amount of water vapour actually ;|^re8eiit in air, compared 
with the maximum quantity it could take up, gives a measure of the 

Hygrometric state of the air. 


EXERCISES ON CHAPTER XII. 

1. What is meant by convection ? 

Illustrate your answ'er by sketches, taking the case of a vessel 
filled with water and heated from below and explain why it is that 
convection is s6t up. 

2. Why is a vessel of water heated more quickly if heat is applied 
at the bottom than if it is heated at the top ? 

Draw a diagram to illustrate the movements of a^ liquid heated 
from below. 

3. Point out the difference between the conductioti and convection 
of heat. Describe an experiment showing that water is a bad con- 
ductor of heat. 

4. Water sometimes spurts from the spout of a kettle standing 

upon a fire. How do you account for this, and how would you 
prevent it without taking the kettle off the fire. ^ 

5. On a cold morning a gardener grasps the iron part of his spade 
with one hand and the wooden part with the other. Explain why 
one hand feels colder than the other. 

6. If a spoon made of solid silver and one made of brass add only 
silver plated are placed in bowls in some boiling water, the handle 
of the silver spoon becomes much hotter than that of the plated one. 
Why is this ? 

Describe an experiment by which you would show that your 
explanation is correct. 

7. How is the reading of a thermometer altered by wrapping a 
wet rag round the bulb ? What will happen if the rag is wetted 
with (1) ether, (2) oil instead of water? How do you explain the 
various results ? 

© 

S.j^Two test-tubes A and B are filled with water. A small piece 
of iiB is allowed to swim in A, and a similar piece of ice is sunk by 
a weight to the bottom of B. Heat is applied to the closed end of A 
and to the open end of B, In which test-tube may we expect the 
ice first to melt ? and in which may we expect the water first to 
boil ? Give reasons for your answer. 
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9. On some days a steam-engine leaves a long white cloud behind 
it, and on some other days only a short one. Explain this by 
describing in each case why the cloud forms, and why it disappears. 

10. A saucer containing water is left to evaporate on a window 
sill. Explain the ^ atmospheric conditions which will favour or 
retard the disappearance of the water. 

11. Explain what happens to the steam issuing from the funnel of a 
steam-engine : (a) on a rine warm day ; (6) on a damp day ; (c) in a 
tunnel. 



CHAPTER XTII. 

ATMOSPHERIC PHENOMENA. OCEAN CURRENTS, 

51. MIST, FOG, CLOUD. RAIN, SNOW, AND HAIL. 

Mist and fogs. — The general features of the forms of 
condensed moisture referred to under these names are 
familiar to every one. We naturally associate mists with 
rivers or other water surfaces ; most often they make their 
appearance after the sun has set. They seem to be caused as 
follows ; the air over the land by the side of the river gets cold 
more quickly than that over the river itself, because land 
radiates heat very much better than water does. The air over 
the water will show a tendency to rise, and the cold air will 
move towards the water to take its place. But the air over the 
water will thus be cooled and will be unable to hold as much 
water- vapour aS before, and the excess of moisture assumes the 
nature of a mist. It is impossible to say when a mist becomes 
a fog. A fog is generally regarded as something denser and 
blacker than a mist. The condensation which forms a fog, at all 
events, and probably a mist also, takes place round the small 
particles of dust in the air, which act as nuclei for the minute 
water drops which make up the fog. In London or the large 
manufacturing towns, where there is so much carbon in the air, 
the fogs become very bad indeed — or, as is commonly said in 
the former place, they are thick enough “ to cut.’^> 

Clouds. — Clouds are sometimes formed in a similar manner 
to mists and fogs. They differ chiefly in their position, and can 
be very correctly regarded as fogs high up in the air. When 
from any cause an upward current of warm air laden with 
invisible moisture is cooled in these higher atmospheric regions, 
L.S. I. N 
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a cloud will (be produced. This can be brought about by a 
warm, moist stratum coming into contact with a cold current 
of air, whereby it becomes cooled and some of its moisture is 
condensed into minute particles, which Tyndall called “ water- 
dust.” Or, in its ppwai'd passage, it naturally comes to a 
colder zone, and as naturally some of its moisture takes the 
visible form of a clcftid. Moreover, in ascending to levels 
phere the pressure is less, air expands, and is thereby cooled ; 
in fact, this cause of cooling is far moi*e effective than the 
former. 

Bain. — The particles constituting a cloud, that is, the water 
dust spoken of above, continually tend to coalesce or unite 
together to form larger drops. When these reach a certain size 
the air can no longer support them and in consequence of their 
increased mass they fall, being attracted more strongly to the 
earth. They do not always reach the sui’face of the earth, how- 
ever, for in their downward 'course it may happen that they 
have to traverse a layer of dry, unsaturated air, when the di’ops 
will become wholly evaporated again. In their passage through 
very moist air, then, rain-drops continually get largei;, whereas 
in falling through dry air they become smaller until they may 
even eventually disappear. 

Snow. — Sometimes the temperature of a cloud is below the 
freezing-point of water, when it is manifestly impossible for the 
moisture to assume the liquid state, and it becomes condensed 
in a solid form. If, in addition to this, the temperature of the 
.air through which the descending solid particles pass is ^elow 
the freezing-point, we shall have a fall of solid particles in the 
form of snow. The falling particles unite continually to build 
up larger masses which we know ai^, snow-flakes, which under 
favourable conditions, assume the most beautiful forms. Ice 
crystallises in the system called the hejcagonal^ and it is found 
on examining snow-flakes that they are combinations of minute 
crystals belonging to this system. Their shapes are seen to 
perfection in Ihe Arctic regions, and observers in these high 
latitudes have recognised over a thousand different forms. In 
this country they will lb seen best when a fall of snow takes 
place In a still, quiet fatmosphere, with the temperature at 
or lower to prevent a partial thaw ruining their exquisite 
If the snow in its descent upon the earth hewmee 
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partly melted, and perhaps latf>i <)n partly frozen again, instead 
of snow-flakes reaching the Mirface we shall have a mixture- 
of half-melted snow and rain, which is called sleet. 

Hail. — The mode of formation of hail-stones has never been 
satisfactorily explained. In our country it falls more commonly 
in summer and spring than during the winter months. Its 
existence seems in some way M be connected with the electrical 
state of the atmosphere. It nas been suggested that it is quite 
sufficient to imagine a very cold current of air impinging against 



Fig. 127. “ Snow Crystal.^. (From pliotograX)hs by Mr. W. A. Bentloy.) 

a moist cloud, and suddenly lowering its temperature as a whole 
to below the freezing-point, to account for its formation. How- 
ever it may be formed, it is another instance of the condensation 
of atmospheric vapour ih the solid state. Hail-stones take the 
form either of hard or soft pellets which vary in size from a 
small pea to a small hen^s egg. Just as rain-drops and snow- 
flakes commonly increase in size as they approach the earth’s 
surface, so hail-stones aggregate together in their downward 
flight, becoming larger and larger as they reach tlieir destination. 
An examination of hail-stones at different times and in various 
places has shown that they vary in their nature. Sometimes, 
on cutting through a hail -stone, it is seen to be built up round a 
speck of dust as a nucleus and to take the appearance of having 
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been built up gradually, and not formed en masse^ exhibiting, as 
it does, a more or less stratified structure. Soft hail-stones seem 
to be small lumps of snow without any central dust particle. 

52. CIBCULATION OF THE ATMOSPHERE. 

General remarks. — That the air is in movement is a fact of 
common knowledge. We see the results of its motion as we 
watch the branches of trees swaying to and fro. We feel the 
impact of the air particles upon our face when we turn towards 
a strong breeze. We have now to consider sev^eral questions 
having reference to this circulation of the atmosphere. Is there 
any regularity or order in the way in which winds blow ? What 
causes them ? and a host of other questions which will present 
themselves to the student. Before attempting an answer to 
such queries as these, it will be convenient to call attention here 
to the way in which winds are named. In describing the 
direction of ocean currents (p. 200), a northerly current is one 
which flows toward the north, or similarly with any other. But 
the contrary is true of winds. The direction of an ocean current is 
always given as that point of the compass to which it flows, whereas 
that of a wind is always spoken of as that from which it blows. 

The cause of winds. — In discussing the mov ements of liquids 
we found that water always flows froirr a place of high pressure 
to one where the pi’essure is lower. We said it sought its own 
level. Similar movements take place in all fluids ; there is in 
every case a movement from a point of higher to one of lower 
pressure until the pressure is equalised. But as has been learnt, 
the pressure of the atmosphere varies considerably from place 
to place, and being a fluid there will qaturally be a disturbance 
of the whole, resulting from the endeavour to bring about an 
equilibrium of pressure. The air will move from the places where 
the pressure is high towards those spots where the pressure is 
low. These movements constitute winds. The winds are per- 
manent if the difference of pressures causing them are con- 
stant throughout the year. They are periodic if the pressure 
differences only arise at stated intervals. Variable winds result 
from any pressure disturbance which may ensue from local 
peculiarities of situation or from any other cause. It has been 
PCeh that variations in pressure are the result of alterations in 
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temperature and of the increase or decrease of the amount of 
water vapour held hy the air. These causes are, in consequence, 
to be regarded as the primary factors in bringing about winds. 

It has been found that the pressure of thq atmosphere is least 
in polar regions and along the equator, .while the districts of 
gi'eatest pressure occur approximately along the Tropic of 
Cancer and also along the Tropic of (^pricorn, in the northern 
and southern hemispheres respectively. From what has been 
said, it is manifest that there will be a movement of air 
fiorn the Tropics of (.ancer and Capricorn towards the poles 
on one hand and towards the e(|uator on the other. If the 
earth were at rest, that is to say, we should have in the northern 
hemisphere a north wind blowing between the Tropic of Cancer 
and the equator and a south wind from near the same parallel 
of latitude to the noi'th pole ; while in the southern hemisphere 
there would be a south wund between the e(iuator and the 
corresponding parallel of latitude and a north wind extending 
from the same circle to the south pole. 

The trade winds. —But the earth is not at rest. It is 
spinning round like a top. The poles are at rest while places 
on the equator are performing a journey of ^5,000 miles in 
24 hours, that is, are moving with a velocity of over a thousand 
miles an hour, Othei* places on the surface have velocities 
inteimediate between these two extremes and dependent upon 
their latitude. Bearing this in mind, we will consider again the 
wind in the northern hemisphere, which would be a north wind 
were the earth at rest, and would blow between the Tropic of 
Cancer and the equator. The air moving towards the equator 
is subjected to two veloWfeities — (1) that which it has in a southerly 
direction, depending up^n the actual pressure difference between 
the place from which it starts and that towards which it moves ; 
(2) that which it has in a direction from east to west, due to the 
earth’s rotation from west to east. The resultant is obtained in 
the manner described on p. 41. By applying this method the 
student will understand that the direction wkich the wind will 
appear to have wull be from the north-east, and this movement 
will give rise to the north-east winds which are more or less 
permanent in the low latitudes we have specified. They are 
known as the Trade Winds, and were so called because of th# 
assistance they rendered to the navigation of trading veaseti 
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before the introduction of steamers. They blow with great 
iponstancy across the oceans, ^but are more or less interfered 
wiHi over the continents, since the local conditions on the IsShd 
vary from place to glace. 



Fig. 128.— Explanation of the trade winds and atmospheric 
circulation. 


By applying the same reasoning to the southern hemisphere 
it will be clear that the direction of the tirade winds south of 
the equator will be south-east. 

Land and sea breezes. — Near the sea, especially in the 
tropics, there are well-marked breezes, which result from the 



Fig. 129. — Sea breeze. Fio. 130.— Land breeze. 


t lferent thermal^properties of land and water. Water has a 
gher specific heat, and is also a poorer absorber of heat than 
land, and consequently during the day the air above the land 
will become warmer than that above the water, and an upward 
enrrent of air will be set up over the land. The cooler air from 
over the sea will fiow in to take the place of the air which rises 
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and will constitute a Bea-bree2e. After sunset both the sea and 
land begin to radiate heat ; the land being a better radiator 
becomes cool quickly, but the sea remains warm. The air over 
the water consequently becomes warmer than that over the 
land, and the pressure above the sea will^ be lower than that 
over the land, causing a current of air from the land out to 
sea, which is known as a land-breeze. • 

Monsoons. — In describing the trade winds no reference was 
made to the Indian Ocean, and this was because the conditions 
here periodically change as a result of the proximity to the great 
land-masses of Asia as well as of the apparent annual motion of 
the sun. The name monsoon is itself derived from ^ Malay 
word meaning a season^ to mark the fact of the periodical change 
in the direction of the winds, that is, the seasonal variation which 
they undergo. In summer, the Asiatic continent^is slione upon 
nearly vertically by the sun, and therefore it become^ intensely 
hot compared with the waters of the Indian Ocean to the south. 
As a natural result the air over the land rises because of the 
decrease in its density. The air from the relatively cold ocean 
flows in to take the place of the upward current, and in con- 
sequence of the earth’s rotation Hows from the south-west across 
India, but in directions in other parts depending upon the 
nearest place of high pressure. This south-west monsoon blows 
from April to October. In the southern hemisphere, in a 
manner somewhat similar to that causing an alteration in the 
direction of the trade winds, the direction of the monsoon 
blowing in these months is south-east. In winter the conditions 
have become changed. The sun is now more or lesg vertical 
over the latitudes in the vicinity of the Tropic of Capricorn. 
The air over the Asiatic ^continent becomes cooled and denser, 
while that over parts of Africa has become warmed and rarer. 
There is a ‘wind caused which blows from Asia to Africa in a 
north-easterly direction, and is felt from October to April. 

It must not be supposed that monsoons blow in no places 
besides the Indian Ocean, for wherever the Jocal conditions 
interfere with the regular trade winds, these winds will partake 
of a seasonal character. Monsoons occur for these causes in 
Madagascar, Guinea, Australia, Brazil. 
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53. OCEAN CURRENTS. 

i. Circulation of Vater. — Place a piece of ice in a trough of water, 
A, B, (7, Z>, and at thootlier end of the trough arrange a metal rod 77, 
kept hot by a flame 77 Pour a little coloured liquid into the 
trough, and notice the 'general movement of the water as shown 
in Fig. 131. 

Ocean currents. Causes. — There are several causes at work 
tending to produce movements in the waters of the oceans. 
They have already been referred to incidentally, and can be 
satisfactorily enumerated at once. 



Ki(f. I ;U. -Circulation of water. 

(1) Action of the prevailing Vinds. — In this connection the ^ 
comparative shallowness of the ocean must be insisted upon, 
for it is only by bearing this in mind that any conception of 
the power of the wind can be attained. 

(2) The heating effect of the sun in tropical regions. — The 
eflfect of heat ijjpoii liquids is to make them expand, causing 
a given mass to occupy a larger volume, and so become 
lighter bulk for bulk. The result is a rising of the lighter 
waters and a sinking of the heavier colder waters to take their 
place, |)recisely as has been described under convection currents 
(p. 182). 
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(3) The increase in saltness and consequently of density of the 
water as a result of evaporation. The waters of the ocean 
contain solid substances in solution. When heated they give 
off pure water in the form of vapour, the saltness consequently 
increases and with this the waters become heavier bulk for bulk 
thereby disturbing the equilibrium. 

It is evident that the second and third bf these causes produce 
contrary effects and tend to neutralise one another. It is most 
probable that the winds constitute the motive force which 
results in the production of the great regular movements of the 
water which are referred to under this heading. The winds 
are set up by the sun and tKe amount of evaporation depends 
upon temperature, so that really the great cause of oceanic 
circulation is the energy of the/sun. 

The general result of the diffei ence of temperature in equa- 
torial and polar regions is a tendency for warm surface currents 
to flow into higher latitudes, while a cold under current creeps 
along the ocean bottom from the poles towards the equator. 
This aation h^ been illustrated in Experiment 53 i. 


CHIEF POINTS OP CHAPTEE XIII. 

Fog consists of- minute droplets of water, each having a small 
particle of dust or other matter as a nucleus, and formed near the 
earth’s surface. 

Mist is similar to fog, Imt not so dense, and the particles of Water 
in it are believed to be larger than in fog. 

Clouds mostly consist of innumerable particles of water suspended 
high up in the air ; they are elevated mists or fogs. Some clouds, 
however, are composed of ice particles. 

Bain consists of drops bf water, formed by the union of the 
minute water particles of clouds, which fall towards the earth in 
consequence of their increased mass. 

Snow is the solid form in which the moisture of clouds is 
precipitated when the temperature is below the freezing-point of 
water. Snow-flakes always have a regular crystalline form. 

Hall consists of pellets of ice or snow, frequeittly made up of 
concentric layers formed round a nucleus. This stratified structure 
proves its formation in stages and not all at once. 

Wind is air moving from places where the pressure is high 
towards those spots where the pressure is lower. The differenced 
of pressure are produced by variations in the temperature* ail4 
moisture of the ain 
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Iiand and sea breezes.— 

Night Breeze 

from cooled land to warmer water 

^ 

Lan d , Sea 



Day Breeze 

fr(^m sea to warmer land 

Monsoons are pcrwidical winds strongly felt in and about the 
Indian Ocean and China Sea. 

( Northern TNorth-oast, October to April, 
hemisphere \ South-west, April to Octooer. 
Southern /South-east, April to October, 
hemisphere (North-west, October to April. 

Ocean Currents. — The great ocean currents are mainly due to the 
action of the winds. OOier minor causes are the heating effect of 
the tropical sun, and the increase of saltness and consequently 
of density of salt water by evaporation. 

EXEBCISES ON CHAPTER XIII. 

1. Distinguish between fog and mist. Why is the former more 
common in towns ? 

2. Describe carefully how clouds are formed. Explain how rain, 
snow, or hail, falls according to the condition of the atmosphere. 

3. What is the cause of wind? Account for the directions of the 
Trade Winds in the two hemispheres. 

4. Explain what is meant by (a) Land and Sea Breezes, (6) 
Monsoons. 

5. Describe an experiment to illustrate the circulation of water 
in consequence of a difference of temperature. 

6. Give a short account of the great ocean currents. 



CHAPl'ER XIV. 

PROPAGATION AND REFLECTION OF LIGHT. 

Light is a form of radiation.— In considering, in a part of 
the previous chapter, the ways in which heat can be transferred 
from one place to another, it has been seen that the heat of the 
sun reaches the earth by radiation. These solar radiations 
comprise what is collectively called sunlight ; they are conveyed 
in the form of waves through the medium ether, which is 
believed to pervade all space, and may be conveniently referred 
to as ether- waves. These ether- waves are of various lengths 
and can produce different effects. If they fall upon our bodies 
the longer waves may be absorbed, and the energy of the wave- 
motion become converted into teat ; if they fall upon the retina 
of an eye, the shorter waves may produce a sensation of light 
and the waves are then spoken of as light ; falling upon a 
photographic plate or upon a green leaf, the shortest ether- 
waves may produce chemical effects, and are then referred 
to as actinic. But, in their passage through the ether, these 
ether- waves do not give rise to any of these effects ; they are 
simply waves transferring energy by wave-motion. 


64. RECTILINEAR PROPAGATION OP LIGHT. 

i. light travels in straight lines.— Take three carcfb and make a 
small hole in each with a fine needle. Fix the cards upon wooden 
blocks, so that all the holes are at the same height and in a straight 
line. Place a lighted candle or a lamp in front of the first card, and 
look through the third (Fig. 132). So long as the holes are in a 
straight line you can see the light from the candle shining through. 
Move one of the cards aside, and notice that you can no longer see 
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the light. What is true of light applies equally to all other kinds of 
radiation. 

ii. PiU'hole camera. — Construct a pin-hole camera as follows : 
Make two pasteboard tubes by rolling pasted paper on a wooden 
cylinder, so thot one fits inside the other. For the wider tube 
previously cover the cylinder with di y papei'. Cover one end of the 
narrov\’(a* tube with tissue paper, and thrust this end into the wider 
tube. Line with bWik paper. Place, the tube witli the pin-hole 



Fig. 132 . — The light of the candle can only l>e.secn when tlic three holes 
in tho screens arc in a straight line. 

facing a luminous olvjeet, ojf. a candk*. Noliet? that the image of 
the eandh; scam upon t he t issues i^ upsido dowui. Reason out 

how this image is formcMl. Many toy-sliops sell a pin-hole camera at 
a penny, and one of the se may be used instead of constructing one 
from tubes. 

iii. Overlapping: of imag:es — Make se\ eral ])iii-hoh‘s near the first 
one in the pin-hole camera. For eveny pin-hole there is an image 
formed on the screen. Make the j)in-holes more and more numevrous, 
and nearer togetlier, till the imagers overlap and become confused. 
At last diffused light is produced, wliich is an overlapping of 
images. 

This experiment explains wliy the image boeornc^s blurred, and 
eventually disappears if the size of the single pin-hole is increased. 

Light travelss in straight lines. —That light rays travel in 
straight lines can be shown at once by examining the paths of 
the rays as they pass through a hole in the shutter of a darkened 
room. Though the light- waves are not themselves visible, yet 
the path of the light becomes apparent, because the minute 
particles of dust in the air are rendered luminous by the vibra- 
tions of the ether being reflected by them. If there were no 
dust particles in the room the beam of light would be invisible. 
When the path of a beam is made visible by smoke or dust it is 
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seen to be a straight line. That light travels in straight lines 
may, indeed, be inferred from several everyday experiences. 
We cannot see round a corner ; if light travelled through a 
uniform medium in lines that were sometimes bent, there is 
no reason why we should' not. Or, again, Everyone knows 
that it is only necessary to put a small ob&tacle in the path 
of the light from a luminous body to »hut out completely 
our view of it. The light from the setting sun, when the sky is 
cloudy, is often seen to travel in straight lines. 

The images produced by a pin-hole are inverted.— When 
an object is vieiyed through a pin-hole camera, it is seen to be 
upside down upoi the screen. Similarly, all images produced 
by a small aperture are inverted. This inversion is a direct 
consequence of the 
fact that light tra- 
vels in straight lines. 

That this is really 
the case can be un- 
derstood fully by the 
following simple con- 
siderations. Let AT, 
in Fig. 133, be the 

pin hole, and AB the 133 .>-Explanation of tho inversion of images 

candle. Kays are sent seen through a pin-holo. 

out in all directions 

by every point of the candle, but of all the rays from a point, 
such as d, only that in the direction AH can pass through the 
hole and form an image A\ Similarly, the only ray from B 
which can get through the hole is BU^ so an image of B is 
formed at iT. The same reasoning applies to any part of the 
candle, hence a complete inverted image is prcduced. 

If the light which passes through a small h^ in the shutter 
of an otherwise dark room be caught by a screen of cardboard, 
a coloured, inverted image of the sky and landscape will be 
seen. By using a pin-hole camera, a photograph of the view 
can be obtained (Fig. 134). The bright circles *of light seen 
under trees in summer are really images of the sun formed 
by the small spaces between the leaves. 

Size of image produced by a pin-hole.-— That the size of the 
image depends upon the distance of the screen from the pin-hole 





Pio. 134.— Picture taken by a pin-hole camera. 

/Vom a photograph bg Mr. F. BtUtaneorth. 

greater the distance of the screen the longer the image. 
The reason for tliis alteration in the size of the image is a 
simple one. The rays of light from the top and bottom of the 



PROPAGATION AND REFLECTION OF 207 

object travel tlnough the pin-liole, and eince one is travelling 
upwards and the other downwards, they will he farther apart 
the greater the distance they travel. Consequently, the image 
is longer the more the sci'een is moved from the ]jui-liole. 

The relation betweim the sizes of the object and image 
according t(t their distances from the apertuib is 

length of object _distance of objeclf fr om ap erture 
length of image distance of image from aperture 

The larger the image the bright it is, because the small 
amount of light is spread over a greater area in the case of the 
enlarged image. 

Illumination due to overlapping of images.— Wh. o a pin- 
hole is made in the front face of a pin-hole camera, an image of 



Fkj 185 —To illustrate why tlio iutcnRitv of li^^lit diminishes as the 
distance fionitt incicA^es 

the briglit object looked at is formed on tlie scremi in tlio 
manner descrilxal in the preceding })aragra])hs. If a second 
hole be pierced, a second image is obtaiiu'd. When the numbeF 
of holes is increastMi steadily, at a turns th(^ images, it is 
observed, start ovei'la])ping, at tli(‘ sane* timt^ becoming ])lnrred. 
When the number of imavos has become c()nsideral>le, no sepa- 
rate image can be (list uecumhed , diffused light, it is called, is 
produced, and tlu‘ sermm is illuminated in the ordinary waiy. 

Intensity of light. —In proef'edmg fiom the soui’ce' of 
illumination, light spreads out as indicated m Fig. 135, so that 
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though each ray retains its original intensity the number of 
rays which illuminate a given area depends upon the distance 
of that area from the luminous source S. At twice the distance 
the rays are spread over four times the area, so their illuminating 
effect, as at M, is only one fourth of what it is at m. The amount 
of light received from a luminous source is thus inversely pro- 
portional to the squal e of the distance from the source. 

55. SHADOWS. 

i. Shadows produced by small sources of light,— (a) Place a stick 
vertically between a screen and an ordinary fish-tail gas burner, so 
that the Hat flame and the stick are in the same plane. The shadow 
of tlie stick on I he screen is defined sharply. Turn the flame through 
a right angh*, so Mint it is now parallel to the screen. The dark 
sliadow is fring('d by another less intensely black. 

[h) Cast a sliadow of a sphere on to a screen, using a small source 
of light, siKih as a. eandle-fiaine. Notice that the shadow cast on the 
senam is distinct, circidar, and of equal darkness throughout. 

ii. Shadows produced by large sources of light. — {a) Substitute a 
lamp, witii a ground glass globe larger than 
th(5 splicit‘, for the candle in the last experi- 
ment. Notice that the shadow on the screen 
is inad<‘ up of two parts, an inner dark circular 
]>atch c;dh‘d tlic umh'ra, while concentrically 
atiaiig(‘d round it is a partially illuminated 
sliadow, forming a ring, called the penumbra 
(Fig, i:m). 

F.o, 13 f, -Umbra and ,, tl.n l.-mip with a large globe, as in 

ponmnlira. the last exjxa iirumt-, cast a shadow of a very 
sniall sphcic. Notice that the sliadow comes 
to a [loint, as ('an be sliown 1^ moving the screen slowly from 
tilt' sph(M<‘, when tht‘ shadow gradually becomes smaller and 
(lisappcai s. This is a converging shadow, while those of tVo 
previous experiments are diverging shadows. 

Shadow of a rod — When a thin* rod is illuminated by the 
edge of the flame of an ordinary fish-tail gas burner, the shadow 
of the rod thrown on a screen has sharp edges, and it is equally 
black throughout. This, in common with all the phenomena of 
shadows you have studied experimentally, is the result of the 
fact that light travels in straight lines. The light from the 
edge of a flame is in the place of the illuminated pin-hole, and 
the explanation oflered for the formation of the image by b. 
small apertui c ap[)lies here also — except that there is no cross- 
ing of the rays and no inversion. 
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Umbra and penumbra. — When in experimenting with tlie 
rod tlie flame is arranged so as to be ])arallel with the screen, 
the dark distant sliadow — the iimlira — is fringed on each side 
by a less distinct sliadow — the penumbra. Similarly, when a 


1?.7. — Wlien tlic f-onu'c of is lolatuih small the sliadow of an 

obioct h.is no poniimbia 


sphere is illuminated by a small source of light, such as a candle 
flame, it casts a cleai ly detined sliadow on the screen, or the 
umbra only is present (Fig. b>T). W'heii, lio\\e\er, tlie source 
of liglit is larger, lik(‘ tlu' ground glass globe of the lamp, the 
umbra is surrounded by a ]iartially illuminated concentrically 


Fio. 138. — Formation of umbra and penumbra of a shadow 


arranged shadow — the penumbra. In Fig. 13^^ A r(-pi esents the 
illuminated globe, B the s])here, and m?i the screen. By follow- 
ing the course of the rays of light the student will have no 
difficulty in understanding 

(1) The formation of umbra and penumbra. 

(2) IIow these result from the propagation of light in straight 
lines. 
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56. PHOTOMETRY. 

i. Law of inverse squares. — Pin a piece of white paper upon a 
drawing board to act as a screen. Fix the drawing hoard at right 
angles to a table in a darkened room. In front of the screen place a 
vertical rod about 1 lo 2 cm. in diameter (a retort stand will do). 
Beyond this, place to oj^e side, a candle fixed on a piece of wood, 
and to the other side two candles, oiu‘ irnnuMliately in front of the 
other, fixed on a block of wood. Notir^e tliat two shadows of the 
upright appear on the screen. Move the candles near each other so 
that the two shadows of the upright touch hut do not overlap. 
Notice that or\e shadow, that east by the two candles, is dar ker than 
the Other. The latter shadow is illuminated by one candle, the other 
is illuminated by two candles. Now, move back the two candles 
until the shadows appear equally dark, that is, in equal conti'ast 
with the bright part of the screen. Then the two candles give just 
as much light to the screen as the one. Measure the distance of the* 
one candle, and the mcian distance of the two. Compare these 
distances ; are they in tlie ratio 2:1? Compare also the squares of 
the distances. 

Do th(' (‘Xjx'i inient with diirei'ent distances, and again compare the 
squares of tlu; dis{;rnc(‘. Heiu!(‘ prove that the illumination is 
inversely proportional to the s(piar( oj tiui distance. 



Fio. 189. —Comparison of the intoiiBities of the flame of a candle and lamp. 


li. The shadow photometer. — Using tin' same screen and rod as 
before, compare the illuminating power of a eaiidle flame with that 
of a fish-tail gas burner' or- a lamp (Fig. LS9). I Mace the candle, which 
can bo conveniently lixed on a flat piece of wood, at a measured 
distance fi'om the screen, say 30 cm. Move tln^ lamp away from the 
sci'een until the shadows cast by the candle flame and the lamp flame 
are of equal intensity. To estimate this accurately you must 
arrange the flames so that they are the same height from the table, 
and in such positions that the two shadows on the screen just touch 
but do not overlap one another. 
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The relative darkness of the shadows is more easily seen if the 
eyes be contracted or half closed, especially when, as here, the light 
is of somewhat different colours. 

Measure the distance of the lamp flame from the screen. Vary 
the distance of the candle from the screen, and find the correspond- 
ing proper position of the lamp flame. Record tlius : 


The shadow photometer (R^ford). 


Distance of Caudle from the Screen. 

Distance of Lamp Flame from the Screen. 

1 


2 


3 


4 



Compare the squares of these distances. These are evidently the 
ratios of the relative illuminating powers of the two sources of light ; 
and hence the comparison shows the candle power of the lamp or gas 
flame used. 

Bunsen’s photometer. — (a) Obtain a piece of white paper. Make a 
grease spot in the centre. Allow a light to shine on the paper. 
Observe that the grease spot is darker than the surrounding surface. 
Observe the paper by transmitted light. Notice that the grease 
spot is now brighter than the general surface. 

(h) Use the paper as a screen and illuminate one side of it by means 
of a candle and the other with a lamp. Move the candle and lamp 
until the grease spot is barely distinguishable in point of brightness 
from the white surface near it. Measure the distance of the candle 
and lamp from the grease spot. Using the law of inverse squares, 
calGqIate the luminosity of the lamp in terms of the candle. 

— The principle already noticed,* that the amount 
of light received from a luminous source is inversely propor- 
tional to the square of ^ the distance, is of great value in 
determining the relative brightness of two sources of light, or of 
measuring any light in terms of a standard light. 

In Rumford’s shadow photometer (Fig. 139), the shadow cast by 
one source of light is illuminated solely by the other source of 
light. When the two shadows are equally darlj, the illumina- 
tion, due to eiich light, at the position of the screen on which 
the shadows are thrown, is the same. By comparing together 
the squares of the distances of each light from the screen, the 
relative intensities of the twodights are determined. If the 
distance of the candle is 10 inches and that of the lamp 
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20 inches, the intensity of the candle would be represented by 
10 X ia= 100, and the lamp by 20 x 20=400, or the lamp is four 
times as bright as the candle. 

I II Bunsen’s ^ea^e-spot photometer the two sources of light are 
compared liy placing them on ei^iier side of a screen having a 
grease spot in it. Its use depena^on the fact that a grease spot 
equally illuminated on either side has the same brightness as 



Pi(}. I40. -Bunson’fl greaflC-Rpot photometer. 

the genci’al sni huMc 4'he light lost by transmission through the 
translucent, oi* stuni I ranspaient syiot in one, direction is eom- 
pensated f<u’ by t he (‘(pial transmission in the opposite direction. 
The <‘ye is inditlerent whetlier the light it receives is due to a 
relhs tion from whito |)aper or t(> transmission througli a trans- 
lucent spot, it, obsfu-vcs that the brightness of tlie gr“ase-spot 
is ecpial to that of (Im ivst of the surface. 'I1ic intensitif' ; id 
the two lights :ire again proportional to the 
distances from the screen. 


57. LAWS or REFLECliON. 



r'ilrr'^r for 


i. Pin method of prov- 
ing the laws of reflec- 
tion.— -Fix tw'o slabs of 
wood at ri'jrht arurles, as 
in Fig. 141, Ail CIK 
Against tlic upright slab 
]r>nt a pieei- of glas*. A’F 
with idackened l>ack, 
SO' tliat' !• th'ction oiii\ 
takes td.! , ft'Oin it 
froic Upon tic* 

Ic . lik lay a 
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Stick a pin h in the wood against the glasvs, and x)laee anollie? pm 
in the position a. Now })rocure a third pin and stick it into the 
wood at c in such a position that e, and the image of a are in a 
straight line. Draw with a iinely point (rd pencil a line along the 
edg{' f)f the glass xy : thru tak«‘ glass and ])i?is away. 

paper will be nau lo'd by tlu' ])in-liol<'s apd tht' line xy. Draw 
lines tliroiigb the pin-lioles, and at b erect a normal bd to xi/j that is, 
a. line peipendieular tn xy. 
iMtasnie the angles abd, 
cbd, and eompa.ro them 
( Fig. Ml-)- itepeat the ex- 
lie r i m t' n t t w^ ) oi ‘ t h 1 ’(.)(' t i mes, 
with tlie pins in ditlerent 
positions, and so drteiinine 
that tlie angle oi inciih^nee 
and tlie angle of reflection 
are ecpial. 

Ol)s<'rve tliat since ilu' 
hoh's made b\' the* ])ins ;u*e 
all on the sann' piece «)1 142.— The angle of reflection cW is oqual 

paper with the normal, /he to the .-ingle of incidence c/k/. 

nieidiit/ v(ty^ tfu iiorttKd. 

(twd. //o’ )'rjhr/(d rny o,v dll /// /ju ,von/r phnn . Moreover, the re- 
flected ray is on tlie opfiosite sidt' of the normal lo the incident ray. 

ii. La.ws of reflection illustrated by a mirror, Fasten with wax a 
little whitened, wooden stick perpendieulai iy at the eer tre of a 


<1 




Pig. 14S.— To illustrate Expt. .57 ii. 


plane looking-glass C i. t lie- mirroi. at the foot of the rod, a 

beam of |.>ai’allel rs • o. or '^unbr,* ni < r)/ninL' I hro’^^h 

a hole in a s<-n-en. (*/< lihii liie rcfleet*'*! h- -o?: -o. rrnkes 

tlic sane' angles with tie* mirror and the sficl, ' 

-s. aid (/>) tliat the ineident beam, the sIicAm and liic I'cllccted 
II lie in one |)lane (F'ig. 143). 
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iii. Reflection at two surfaces.— Place a lighted candle in front of 

a thick platc^glas.'^ mirror, as in 144. Notice that two images 
can be Hcen when viewed a littltftroni one side. One is due to 

reilection at the front surface, 



Fuj. 144 .— Multi])le irnagoa produced by 
a tliirk mirror. 


and tiu‘ other is produced by 
i'('Heetiou at the silv('red back 
surface. 

iv. Images formed by plane 
mirrors. — {a) IMace a knitting 
iK't'dh* ill front of a plane 
unsilvcred sheet of glass fixed 
\( !tically in front of a dark 
background. Aiaange anollier 
sueli needle behind the mirror 
in siuh a ])osiiion that wher- 
ever lh(‘ ey(‘ be plaetal, the 
iK'edle Vx'hind tlu' rniiror al- 
way.s a])})ears in t,lu‘ ]>()sition 
of the n'tleeted image of the 
first needle. 

it is easy to arrange the 
neiMllc in th<' right position 
lu'hind the niiri’or, hy observ^- 
ing that M iicn this lUM'dle 
ap)>ar(‘nt ly m(»v('s naire in the 
dir ect ion in whieli the e}^'. is 
niovixl than the image does, 
the iu‘(‘(lle is too far behind 


the mirror^iid mce verm, 

^leawurf' th«' disl anees of the two needles' from the back of the 


iniiiot. Thc\ sliould be tie* same, thus showing that the image 
is SI t ria l ed as fa r Ih liind a jdane mirror as the object is in front 
of It. 


Reflection of light. — When any wave is said to be reflected, 

it is understood that it comes into contact with the surface of 
Home body, and is (lirown Irack from that surface, and travels in 
a direct i(ui Opposed to (hat in which it was originally moving. 
This may ha|)pmi in t wo ways, eitlnu' regularly or irregularly. In 
the (list ease, it i-^ turned }»ack aeeordiiig to simjile rules, while 
in tlu' set‘ond tbeie is no uniformity about tbe direetion. The 
page on w iiiiT / his t‘X])humtion is irrinted a])|)ears to be 'white 
because — owing to (In' roughness of the jiaper of the irregular 
letbs iioii uf tlie liglit which falls i][)<»n it. Or, if we powd(‘r a 
d < ' t of glass, the powdei* seems to l>c white for a similar 
1 ix'i! ; tlier(‘ are many surfaee.s formed from wdiicli irregular 
rctleetion takes place. The manner in which a sheaf of rays is 
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broken up and leaves of a body when reflected 

irregularly can be seen in Fig. 145. 

Laws of reflection of light. —Light is reflected regularly 
from a plane mirror— that is, a flat reflecting surface. Such a 
mirror can be made from 
a variety of substances, 
but the most common is 
bright metal or silvered 
glass. 

The angle at which 
the light, or any sort of 
wave, strikes the reflec- 
ting surface is called the 
angle of incidence, and the 
wave an incident wave. 

The angle at which the 
wave leaves this surface is known as the angle of reflection, 
and the wave as it leaves the reflected wave. 

There is a definite connection between the angles of incidence 
and reflection, and it can be expressed as follows : 

1. The line representing the reflected wave is in the same plane 
with the normal and the line representing the incident wave, and is 
on the opposite side of the normal to the incident line. 

2. The angle of incidence is equal to the angle of reflection. 

It has also been learnt by experiment that when a wave 
strikes a reflecting surface normally^ i.e. having travelled along 
the normal, it is reflected back upon the same line. 

Formation of an image by a plane mirror.— The two rules 
just enunciated enable the formation of an image by a plane 
mirror to be understood easily. 

Let MM (Fig. 146) be the plane mirror, and A a bright spot of 
light like the head of a pin in Expt. 57 i. First see what hapj^ens 
to the light ray which leaves A and strikes the mirror normally. 
It is reflected l)ack along the same line, and' the reflected ray 
appears to come from a point A’ al . 1 . 1 . I'i tie* ( :ise of any 
other rays, such as the light ray is relbx ted in such a way 
that the angle of I'eflection VBD is equal to the angle of inci- 
dence ABC^ and appears to an eye, as in Fig. 146, to 

come along BD from a point A\ where BB laodurotl iDoets A A\ 
If the same constniv tion is made for any'other ray AB' it will 



Fio. 145. — Irregular rettection of light. 
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be reflected and appear to be coming along which pro- 
duced backwards will pass through the same point A'. ^4' is 

therefore the image of 
and it can be proved easily 
by geometry that A' is as 
far behind the mirror as A 
is in front of it. 

These facts apply equally 
to the formation of the 
images of objects^ which can 
be considered as accumu- 
lations of small material 
particles to which the con- 
struction given above for a 
point may be applied. 

When a mirror rotates, 
the angle through which the 
image moves is twice the 
angle through which the 
mirror moves. — Knowing the laws of reflection, this truth 
can be arrived at easily bf a knowledge of geometry. Thus 
let MM (Fig. 147) be a 
mirror, enable of rotation, 
when in a vertical position. 

After a brief interval it 
will, when rotating, have 
arrived at a new position 
MyM^* PO is a ray of light 
which strikes the mirror in 
its vertical position at l ight 
angles. 

The mirror rotates and 
the direction of the reflected 
ray is along OR. It is re- 
quired to compare the ang-1^^ 

FOR through which the ray 
of light mo^^es, with the angle MOM^ through which the mirror 
moves. Angle POM=^& right angle, 

angle =a right angle ; 

angle POiT* angle QOMi. 



Pio. 147.— Proof that the angle through 
wliich the reflected ray moves is double 
that through which tlio mirror is turned. 



Fio. 146.— Representation of the course 
of rays producing an image in a plane 
mirror. 
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The angle through which the mirror moves 
=MiOM^QOM^-MOQ 
^POM-MOQ 
^QOP. 

i 

But since angle of incidence = angle of reflection 
QOP^QOJi; ' 

P0R==2Q0P. 

But POR is th» angle through which the ray of light moves, 
and it is twice that through which the mirror moves. 

58. SPHERICAL MIRRORS. 

i. Principal focus of a concave mirror. — Procure a conca^a^ rni» »'or 
and covc*^ it ^vilh black paper, exce]jt a small part at the ccMtn or 
round the pole. Phat is, let the aperture ot the mirror be small. 
Allow rays of sunlight to fall uj)on it (these eome from so great a 
distance that they' can he con.sidered para/h/). Move a very small 



Pm. 148.— The principal focus of a spherical mirror. 

paper screen up and down in front of the reflecting surface so as not 
to cut off the incident rays. Notice that at a certain point a clear 
image of the sun is formed, and probably the screen will he burnt. 

ii. Concave mirrors ; law of distances.— (a) Place a lighted candle in 
front of a concave mirror sm tliat the flame is on the principal axis. 
Move a small screen of white cardboard to and from the mirror, so 
that it does not intercept all the light passing between the candle 
and tlu mirror. At a certain distance from the miiror a clear 
image of the flame will l>e found upon the card screen. 

{b} Now move the flame a short distance away or towards the 
mirror. It will lie found nc^cessary to move the^card towards or 
awjiy from the mirror in order to again obtain a sharp image. 

The distances from the mirror to the candle flame u and from the 
mirror to the card v should Im carefully measurcHi. They will be 
found to depend upon the focal length / according to the equation : 

1 1^2 
u o r 
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Eeflection from Spherical Mirrors.— A epoerical mirror 
is a part of a spherical surface which has the power of 
reflecting. It may be either concave or convex^ the former 
if the reflection ^takes place from the hollow side, the latter 
if from the bulgjng side. The centre of the sphere of 
which it forms part will evidently be tlie centre from which 
the part of it constituting the mirror was struck, and this point 
is called the centre of curvature. The distance from this point 
to the reflecting surface is the radius of curvature. Thus in 
Fig. 149 c.is the centre of curvature and cM^ cd^ cM\ are all radii 

of curvature. MM' is 
called the diameter or 
aperture of the mirror 
and d is called by many 
names, perhaps pole of 
the minor is the best. 
A line going through 
the pole and centre of 
curvature is the prin- 
cipal axis of the mirror, 
any other radius pro- 
duced being a secondary 
axis. We know from geometry that every radius is at right 
angles to the tangent at the point where it cuts the circle; 
and, since we can consider the tangent and circle as coincident 
at this point, from what has been already siiid it will be clear 
that the radii are normals to the mirror. Evidently, then, 
if we place a luminous object at the centre of curvature we 
shall have all the rays of light from it reflected back along 
the lines of incidence, or the image will be formed at the same 
place as the objeg|i» 

If parallel rays fall on a concave mirror, e.g. rays from the 
sun, they will be reflected and brought to one point, called a 
focus. The point so obtained is called the principal focus of the 
mirror. In Fig. 148, F represents this point and C the centre 
of curvature. The parallel lines show the direction of the sun^s 
mys. This point F is midway between the pole and (7, or the 
foexd Imgih is half the radius of curvature. 



Fia. 149.— Reflection from a spherical mirror. 
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ligllt, like every kind of radiation, is a form of energy. It is a 
process of transference of energy by ether- wattes. Those ether- 
waves which affect the retina are known as light. 

Rectilinear propagation of light.— Light travels in straight lines 
when propagated through any one mediiim, but often has its 
direction changed when passing from one medium to another (see 
Refraction). 

Consequences of rectilinear propagation of light,— (a) The images 
produced by a pin-hole camera are inverted. 

(6) The size of the image formed by such a camera can bo found : 

length of object distance of object from aperture « 
length of image “distance of image from aperture* 

(c) Illumination is due to the overlapping of images. 

(d) The formation of the umbra and penumbra. 

A photometer is an instrument for comparing the intensities of 
different sources of light. 

Reflection. — Light, in being reflected from suitable surfaces, olxjys 
the following laws : 

1. The reflected ray lies in the same plane as the incident ray 
and the normal ; and is on the opposite side of the normal to the 
incident ray. 

2. The angle of reflection is equal to tlie angle of incidence. 

Spherical mirrors. — When parallel rays, or those from a very 

distant object, fall on a concave mirror, tliey meet, after reflection, 
at a point half-way between the mirror and its eentie of curvature. 
This point is called tlie principal focus. Tlie law of the distances 
of the object and of the image respectivtdy from the mirror in 
other cases is expressed by a simple equation. 


EXERCISES ON CHAPTER XIV. 

tt 

1. A candle is placed close to a looking-glass, and its reflection in 
the glass is viewed a little from one side. What will be seen ? As 
far as you can, explain the appearances which you describe. 

2. Describe a pin-hole camera, and explain, illustrating your 

answer by a diagram, how' the image of a luminous object is formed 
by it. j 

What experiment would you perform to show why it is that the 
image first becomes blurrea ana then disappears when the size of 
the hole is gradually increased ? 

.3. Three candles are placf3d quite close together in ft row at the 
centre of a room, and a wooden rod is held in a vertical poftitioil at 
a distance of about a foot from the candles. Explain, giving 
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diagrams, why it is that as the rcxl is niov^ed in a circle round the 
candles the shadow cast on tlie walls is in some positions sharp and 
in others very ill detined. 

4. The sun shines through a crack in the shutter of a darkened 
room. A person jnsidt^ the room says that he sees a ray of light 
entering tlio room. i*ut Ins statement in a more accurate form. 
What can he really see ? 

5. A small opa(jUo sp-liere is placed between a gas burner and a 
white screen, and wluai gas is turned down so that the flame is 
very small it is found tliat tlu^ shadow cast on tlu5 screen is quite 
sharp, but on turning up the gas so tliat the flame is large, that the 
edge of the shadow is blurred. Explain tlie reason for this change, 
illustrating your answer by means of diagrams. 

6. State the two laws in accordance with which a ray of light is 
reflected by a smooth surface, and desiJiibi; experiments by which 
you would demonstratt' the truth of each of these laws. 

7. What is an inv(*rt(*d image? If th(‘ capital hitter F were 
drawn on paper and ludd in front of® mirror, how would you have 
to draw the letter on the* paper and how hold the jiaper, in order 
that the imagi* of the letter in the mirror should present its ordinaiy 
aspect ? 

8. A bright obje(*t is plaood at a Hho#'t distance in front of an 
ordinary j,ookin^^lass. Au eye looking into tlui mirror sees, in 
general, d number of images of tlie object, tJ»e m'cond of the series 
in order of nearness being usiually the- most brilliant. Explain this. > 

9. A shadow is usually divided into an “umbra” and a “pen- 
umbra.” Explain these term^ How can' you readily obtain (1) 
a shadow winch is praotioall^^ll umbra,. (2) a shadow which is all 
penumbra ? 

10. By moving a fragment of looking-glass, a boy finds that ho 
can throw imag^ of the sun up and down the walls and ceiling of 
a room. Wh^jp must hc*^aiid to be dble to do this ? Show by a 
diagram that jKe angle through which the imago moves ds twice 
as large ' as tlfc angle tlirough which the boy moves the glass. 

11. Describe bow parallel rays are reflected by a concave mirror. 

What is the flistances in the case of such a mirror ? 



CIIAJ’TER XV. 


REFRACTION OF LKiHT. 

59. REFRACTION AT PLANE SURFACES, 

1. Refraction by water.— < 8 | ]>oc-iiic .1 n i t.iiiL'iil.n inriHl' box, 
.ts a cijiarcLti- 1«>\, and piit .1 uihkIi n m inrl.il on tliii 

oottoiu. Ilia daikoiii'd louinl ( siinli”lil l.dl ^laiit v\ im' . ij^aiXt lli>' 



Fio. I'iO. 


to 


<how 


tion of I'V uutt I 


t Igo. The side of the box ^hrow a shadow whiifli reaches, say, to 
C\ which, siiK*e bglit travels' in^fetraight lines m the same rne^r^ni), 
is a continuation of the ra\"^ sunlight AB. Without disturbing 
anything hll the box with water. The ‘shadow no longer r‘M<*ho^ to 
6\ but only as far as 1 ). (dearly tl)e Imht vaves ha\* i ■ ■ i ^ • i 
out ol their original ('ouisc Xotiee tluil tlo’ 
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normal, and that the rays of light travelling from the compara- 
tively rare air into the denser water are refracted towards the 
normal. 

{b) Obtain a medicine bottle with flat 
faces, and paste ovei* one face a piece of 
paper having a circular hole cut in it 
(Fig. 151). On the glass draw a vertical 
and a horizontal line on tlie clear apace as 
shown. IVmr water into the botth' unt il it 
readies the level of tlie hoiizontal line. 
lj(‘t a narrow beam of light entt'r the aide 
of the bottle and strike the surface of the 
water wlicK' the two lines cross; it will be 
found to !)(' hent in the Mater towards the 
via tical line. 

ii. Pin method of proving laws of refrac- 
tion.- («) U pon a ])iece of board A BCD 
(Fig. 152) plaice a sheet of paper, and upon 
tlu' ]>aper ]>ut a ])iece of fairly thick glass 
w ith jiaralhd sides (a thick ])iece of glass 
fi-om a, box of waaglits, a ])a]H'i'-weight, or 
a iiuinlx'r of Hli])S of microscope glass wall 
do very well). Rule along tlie edges of 
tlu- glass Moth ax finely ])oin ted pencil. 
Flac 4 .‘ tw'o pins, a, b, as shoM'ii in the 
illustration, and tlien, (hroitiih the (/fftss from the other side, 

stick in tlu^ pins r, d, so that all four appear in a straight liift 



Kiu. :ii>t ^ - iiutt h- 
illuHtratuia rflracl )<>i 
light by wali i. 



> Fio*. 15J. — Pin method ddllustrating refraction of light. 

(4^ow take away the glass and pins and join the pin-holes on 
the paper as showui in Fig. 153. Dr.aw the normal e5/’and the circle 
c/fij. Dra w f m and ijL' perpendieuhu- to < i>r\ and compare the lengths 

lrHy (jk. Obtain tlie ratio for diflerent positions of the pins ; it 

<jh' 

wifi be found practically the same in all cases in which the same 
mati'rial is nstd. 

Noti(;e that t in' direction of the ray cd, emerging from the glass, 
is parallel to that of hIk 

iii. Phenomena caused by refraction. — (a) Place a bright oliject, 
say a coin, on i lie bottom of an empty basin, and arrange your eye 
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80 that the object is just hidden by the edge of the basin (Fig. 157). 
Get somebody to pour water into the basin. You will now be able 
to see the coin without any movement of your eye having taken 
place. Evidently there has been a bending of the direction of the 
light rays somewhere. 

(h) Place a glass cell in front of^ a white* surface brightly 
illuminated. Let the surface of the water be, visible. Put a lump 
of ice on the water, and observe the fltr6*||ky appearance of the 



Pig. 153.— Constructiofi for proving the laws Pio. 154.— Cell with glass aides 

of refraction by the pin method. for refraction experiments. 

* • ^ 

illuminated part of the screen. Add syrup, alcohol, and hot water 

by a pipette. Notice that the light has not passed tlirough 
uniformly. 

(c) Observe the shadow of the disturbed air above a stove or hot 
poker. Notice the apparent shifting of position of objects seen 
through such air. 

(d) Fill a glass cylinder with water, and place a coin at the 
bottom. On looking straight down through the vater the coin 
appears nearer the surface than it really is. Hold another coin 

the outside of the cylinder, and place it at such a 

two coins appear at the samp level. The amount by whidM|||||^^ 

in th^vater is apparently elevated by refraction can thus 

The Bbgth of the column of water through which the is 

observed, divided by the distance from the top of the water to the 

outside coin, gives the index of refraction of water. 

(e) Repeat the experiment witli methylated spirit. 

Refraction of light. — Up to the present tin dight rays have 
been supposed to be moving through a uniform medium. When 
this is 80 , as has been seen, light travels in straiglit and, 

if it meets a reflecting surface, it^is turned back, according to 
the laws which have been studied. If, however, the light passes 
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from one medium into another of a different density the pro- 
pagation of the wave is no longer rectilinear : the passage from 
one medium into the other is accompanied by a bending of its 
path. This bending is known as refraction, and the ray is said 
to be refracted. 

Rules of refraction. — In Fig. 155 the shaded lower part of 
the diagram represents a denser medium than the unshaded 
upper portion. The word denser is used here, and in similar 
bonnections, to mean optically denser, and must not be confused 
with what has been said of the density of bodies in Chapter 

II. Let HI represent a 
ray passing from the rarer 
to the denser medium, or 
the ray incident on the 
suiface of the denser 
medium at /. The angle 
III makes with the normal 
at 1 is the angle of inci- 
dence. The ray is bent ; 
instead of continuing its 
course in a straight line 
along lU'y it is refracted 
and travels in the direction 
of AS', which represents 
the refracted ray, the angle 
being the angle of 
repre ents the amount the 
ray lias been tuiiied out of its original path, is called the 
angle of deviation. AVith the centie I and any convenient 
radius descrilie a circle, and from the points where it cuts 
the incident and lefracted rays, perpendiculars' on to the 
normal are drawn as in Fig. 155. A perpendicular is ajso 
drop|)ed from tlie ])oint K, It is clear from geometry that 
li P' is (Mpial to the perpendicular let fall on to the normal 
from the point wlitu’e the incident ray cuts the circle. The 
ratio between tne lengths of KP and BP is constant for the 
same two media, c.//. air and water, whatever the angle of 
incidence. This ratio is called the index of refraction. Its 
value for air and water is about | ; for air and glass roughly 
I, depending upon the kind of glass. 



law a of refraction. 


refraction. The angle R'lS^ which 
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The laws of refraction are then : 

1. The incident ray, the normal, and the refracted ray are all in 
the same plane. The incident and refiracted rays are on opposite 
sides of the normal. 

2. If a circle be described about the point of incidence, and per- 
pendiculars be dropped upon the normal from the intersections of 
this circle with the incident and refracted rays, the ratio of the 
lengths of these perpendiciUars is constant for any two given media. 

Refraction through a plate with parallel sides.— In the 
case of a ray of hght passing completely through a plate of 
glass, having its sides parallel, the ray is bent towards the 
normal when entering 
the glass, and away from 
the normal when emerg- 
ing, so that its course 
is as shown in Fig. 156. 

The ray is thus displaced 
laterally, but it emerges 
in a direction parallel 
to its original direction. 

The etFect of refraction is 



Fiq. ir>6.~Refraction causes the object 5 to 
be soon at -S’'. 


in this case to cause the 
point S to be seen at . 

In constructing a dia- 
gram for any similar case, it sHbuld be l>orne in mind that 
when a ray passes from a less dense to a more dense medium, 
it is bent towards the perpendicular to the separating surface, 
and when a ray passes from a dense to a rarer medium it is 
bent away from the perpendicular to the separating surface. 

Various eflTects of refraction. — The common experiment 
with a coin at the bottom of a basin, where, l)eing first hidden 
from view by the edge of the basin, it becomes visible again 
when water is poured into the basin, is explained easily by 
tracing out the path of the light. 

In Fig. 157 let c be the position of the coin, in wliich it is just 
hidden so far as the eye is concerned by the edge of tlic empty 
basin. If the rays from the coin c be continued in straiglit 
lines these lines will evidently pass above the eye. Now when 
the water is put in, these rays, which before miss tbe eye, are 
refracted in passing out of the water and just enter the eye, 
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making the coin appear to be in the position d. The right side 
of the vessel, if continued upwards, represents the normal, and 
evidently in passing out of water into air the light- waves are 
bent away from tl^e normal. 

The same kind o^ construction applies to the case when an 
object is seen obliquely through a thick glass plate (Fig. 15G). 
The object is displaced' and also made to appear nearer than it 
really is. 

The st,r<\'iky appearance seen when the light from a lantern % 
passed tlnongh water containing ice is due to the repeated 
refraction of the light on passing into layers of wate^* of 



If 

Fio. 1.07 —When tho troiifjh is ompty the coin c is invisible to an eye at 
A’, but when it IS full or water the com is seen at d. 

different densities (Expt. hJi iii. (6)). This reason, too, explains 
the results obtained when alcohol or syrup are mixed with water. 

The refraction of light in its passage from one medium into 
another of diflerent density explains several other very familiar 
observations. A stii k h«‘|<l in anything other than a perpen- 
di(*ular position in vatrr ajipears to be bent upwards. If a 
straight stick is fixtal upright in water and looked at from a 
point a few feet <il)(>vc the end, it will ap})ear shorter than it 
really is, in the^ projiortion of three to four, so that if a length 
of four feet is under watei*, it appears to be only three feet long. 
In the same way standing bodies of water always appear shal- 
lower than they really are on account of refraction. A pool of 
cleai’ water when viewed from a point vertically above the 
sui't.KH* oidy appears ‘j* of its actual depth. 
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60. REFRACTION THROUGH A PRISM. 

i. Pin method of tracing deviation hy a prism,— Stand a prism 
upright, that is, upon oik' of its ends, upon a piece of white paper. 
Stick two pins into the j)ap<‘r in the positions S ( Fig. 158), place 
two more P, E, on the opposite side of the prism, so that the four 



Fig. 158.— Pin method of tracing deviation of light by a prism. 

appear in a straight line when looking through the prism. Draw 
the outline of the prism AB(\ and then take away the prism and 
the pins and connect the pin-holes as shown in the diagram. It 
will be found tliat the ray is bent towards the base of the prism 
both when it enters and emerges. 

Refraction through a prism.— When a wedge-shaped piece 
of glass, or a prism, as it is called in optics, is interposed 
in the path of a ray of light from a small hole in tlie cap of 
a lantern, it is easy to see by w\atching the image of the hole on 
a screen that the image moves in a direction towards the base 
of the prism. This is because the ray is bent l>y its passage 
through the prism, so that on its emergence frf)m the glass 
it continues in a new patli inclined towards tlie base of the 
prism. The amount of bending experienced by the ray of light 
depends upon : 

(1) The angle between the inclined sides of the prism meeting 
in its edge, or the angle of the prism, as it is called ; 

(2) the material of which the prism is made, and 

(3) the nature of the incident light. 

If two prisms of the same angle and material are so arranged 
that the edge of one adjoins the base of the other, the second 
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prism undoes the bending of the first, and the ray as it leaves 
the combination of prisms continues its path in a direction 
parallel to the incident ray, though not, of course, in the same 
straight line with it. 

Path of a ray of light through a prism. —In Fig. 169 Jet the 

triangle ahc represent a section of the prism at right angles to 



Fio. ITiO. — Construction to nhow the path of a 
jjiy of Uirough u i>ri'^iii. 


fts faces, such as we 
should see by looking 
at the end of it. 
Suppose 1)E is a ray 
of light striking the 
face ah of the prism. 
The liglit on entering 
the prism passes from 
the air into the glass, 
or from a rarer into a 
iirnsrr medium^ and is 


bent towards 'ii line drawn perpendicular to the face of the prism 
at the point where the ray of light strikes it. It consequently 
travels along the line EE' until it reaches the face ac of the 


prism, Ifere it )jasses from tlie glass into the air, i.e. from a 
denser into a rarer medium^ and is, in such circumstances, bent 


from the perpcndiculai*, and t!av(‘ls along the line E'D'. In 
every such passage through a ju ism it is noticed that the light 


is always bent or refracted towards the thick par t of the pilsin. 


61. REFRACTION THROUGH A LENS. 

i. The principal focus of a lens. —To find the distance of the 
principal focus lioui tlM‘ centre of th<' lens, that is, its focal 
hn<jfh, it IS (jnl\ nc<'(*ssaiy to toi in an image of the sun by it on a 
senaui and to incasuic the (listiincc iK'tAM'on tlie lens and the screen. 

ii. Convex lens; law of distances. Plaic' a cuhIIc flame on one 
si(l(‘ of a ('(uivi'x h ns and anangc a (Midhoaid sci'ccn to catch the 
ima^f on tlio otlua salt' Wdaui tlu' linage is (|uit(' sharp, measure 
tilt* thstant'i's ot li.mit* .md s('i(*<n ti'om tin* h'lis. Fsiug letters ?/, c, 
and f as with font*a\<‘ iinriois (p. 217 ), olitain stworal pairs of 
vahu*s ft)!’ }( and tc Iht* hais hi'ing iuommI Itotwa'i n caidi determination. 
Mt'asurt' tin* tot-al length ; as in K\})i. hi i. 

It will i)t‘ tound tluit if, t\ and /‘have values which satisfy the 
ctpiation j I I 

“ , 

Tt should ht‘ rt incndx red that u is the distance from the flame 

tt> t fio l<‘n‘«’.. 
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iii. The simple microscope. — If the ilaiiK' lie brought towards the 
lens, the scretai must be moved awa\ from it. At hist the image 
cannot lie obtained on the siaeen no matter how far off' it is carried. 
Tliis happens wlien the flame is at tlie ])i ineipal focus of the lens. 
In this case and when the flame and lens ar e still ^learer one another, 
no image is formed, for tl\e rays of light now emerging from the lens 
are diverging. This is what happens when* a h ns is used as a 
magnifying glass or simple microscope anc^ thei t'fori' held close to 
the object to be examined. Idie enlargi'd apiiearam e is due to the 
divergence of the emerging lays. 'I'lie image is not real, but is 
virtual, and appears to be shuati'd on thi' sanu' side of the lens as the 
object. A virtual image is thus one wliieh eannot becaught on a screen. 

Refraction through a lens.— Most lenses an' of glass, with 
curved surface.s, which are portions of spliercs. In some lenses 
one surface is quite plane. All leirses can Ix' dixidial into two 



Fin. 100. — Parallel ray.s falling'' on a convex lens. 


classi's - convex oi* converging, and concave or diverging. (Con- 
verging lenses can be distinguished by tbeir powm; of forming an 
image of a distant object like tbc sun, or ly that of inagMifying. 
Goncavc hvnscs form no imag(‘ in (his way, and, morcovi'r, 
instead of magnifying, they make ol)j(>cis ajrpear smaller whim 
viewed tlirimgh them. 

To understand their action upon the course of rays of light 
through them it is simplost t<» ^•ega^'d tinun as being built up of 
part.s of prisms in contact, as shown in Fig. Ifil, wliere a eoiiN i'x 
lens is luiilt u|> in this waw A lay' of light falling upon any 
one of these prisms is refracted towards its thicker part, and 
consequently they all converge towards a point, wlrieh, if the 
incident rays are parallel, is known as the principal focus of the 
lens, as /'in Figs. 160 and 161. 

The photographic camera in its simplest form consists of a 
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convex lens and ^aoniul ^dass screen which can be niovea 
towards oi* away from th(‘ lens unt il a sharp irnat^c of the object 
to be photogra])lH‘d is obtained. The screen is now replaced by 
a prepared glass jilate, coated with a substance, generally a 



cotn]Kuind of silvci, wliali is (‘xti'cim'ly scn^ltiv(^ to the action 
of light. Tilt' j)lat(' (‘\pos(‘d t.o tlu' light passing through the 
hms for a sjiaci' of tmi(‘ \Miying fiom lOOOth of a second to 
sexcral minutes, <ic<<u'ding to (he intcmMlv of the light forming 
the imag(i riu' imag(‘ is not yi.sible till tJi(i ])late has been 
“ de\ (‘loped ’ and Ii\(h 1 ’’ In this way a negative is obtained in 
which light-coloured objects appear dark and vice versa. The 





Fki, l(tj —Formation of im.ijjft* l»y tiilc'^oopc. 

positive oi ordinary photograph is made liy printintr through 
tlu' negati\(‘ on sensitised paper. 

The telescope. — The principle of th%, refracting* Hstionomical 
telesco])e can now be describi'd. Notice in Fig. 102, the larger 
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double convex lens forming an image ah of the object A B. This 
image becomes the object to a second smaller, though in other 
respects similai;*, lens, placed near the eye. The second lens 
forms an enlarged image A'B' of this first image a6, in the way 
shown in the figure. A lens placed in the safne relation to the 
smaller one a.s the larger in the figure is called the object glass^ 
while the smaller one which magnifie!^ the image formed by 
the first constitutes the ei/e-piece. 


CHIEF POINTS OP CHAPTER XV. 

Refraction of light. — A ray of light passing from a less dense 
to a more dense medium is i)ent towards the perpendicular to the 
separating surface, and conversely. The laws of refraction can be 
stated thus ; 

1. The incident ray, the normal, and the refracted ray are all in 
the same plane. The incident and refracted rays are on opposite 
sides of the normal. 

2. If a circle he described about the point of incidence and peipen- 
diculars be dropped upon the normal, from the intersections of tliis 
circle with the incident and refracted rays, the ratio of the lengths 
of these perpendiculars is constant for any two given media. 

Refraction hy a prism. — 7'he deviation of a beam of light caused 
by the action of a prism depends upon (a) the angle of the prism, {b) 
its material, (c) the nature of the light. 

Refraction by a lens. — Convex lenses make rays falling upon them 
tend to become converging ; concave lenses produce divergence. 
A lens may be considered as built up of prisms, which are in 
opposite directions in convex and concave huises. The focus fpr 
parallel rays is called the principal focus. The law of distances 
for lenses is expressed in a simple equation very similar to that for 
concave mirrors. • 


EXERCISES ON CHAPTER XV. 

i.ijflIJbright bead is placed at the bottom of a bisin of water, and 
a permit, stands in such a position that he can just see it over the 
edge of the basin. While he isf looking, the ^ater is drawn off. 
How will this affect his view ? * / 

Draw a diagram showing the direction of a ray of Hght 
from the bea^ through the water and the air in each.case* 
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2. A thick layer of transparent liquid floats on the surface of 
water. Trace the course of a ray of light from an object immersed 
in the water through the floating liquid to the air. 

3. Describe an experiment to show the path of a ray of light 
which passes obliquely through a thick plate of glass. Illustrate 
your answer by a sketch in which you indicate clearly the path 
of the ray in the air*" before it enters the glass, in the glass, and 
in the air beyond the glass. 

4. An upright post is fixed in the bottom of a pond which is 
three feet deep ; the top of the post is three feet above the water. 
How will the post appear to an eye alxnit the level of the top of 
the post and four t)r hve feet away from it? 

Draw a figure to illustrate your answer. 

What will be seen as the eye moves further and further back 
from the post ? 

5. Describe in detail, giving a sketch of the apparatus, an 
experiment to show that when a ray of light passes from water to 
air it is bent away from the perpendicular or normal. 

6. State the laws of the deviation of light when passing from 
any medium to one of different optical density. 

7. A boy wades in a pond which everywhere reaches to about 
the level of his knees. On account of the watei* some of the pebbles 
with which the bottom is covered arc invisible and others are not 
seen in their true places. Explain this, and illustrate your answer 
by a diagram. 

8. A dot is made on a pieci^ of paper, and a prism is laid on 
the paper, over the dot. An eye in certain positions now seems 
to see two dots. Draw a diagram to explain tins. 

9. Explain why a convex lens is also called a converging lens. 

10. Give short accounts of (a) the photographic camera, (6) the 
telescope. 

11. If a thick piece of plane glass bq| |j||i K?ed with one edge resting 

on a page of print, the letters seen th|E|u|h the glass are displaced 
to one side or-^the other according l^cf^he position of the glass. 
Explain this. * 

12. Given a 'small source of light show how you would proceed 
to obtain parallel rays by using a' double convex lens. 

13. A person arranges a basin of water anH'a candle in such 
a way that the reflection of the candle on the water seems to him 
to be in the same< straight line as a coin at the ^KJttom of the water. 
Draw a diagram to show the necessary arrangj^ent, and give any 
explanation that you think necessary. 

14. A fish swims in a glass tank ; a person whose eye is above 
Ibp ljSV^of the water seems to see two fislAi Draw a diagram to 
|||^||Stn^ this, and give any explanations you think necessary. 
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15. Objects seen through hot air rising from a chimney are 
noticed to flicker. Account for this fact. 

16. Common glass in a window pane distorts objects seen through 
it, while plate glass does not. Why is this? Illustrate your 
answer by a sketch. 



CHAPTER XVI. 


ANALYSIS OF LIGHT. COLOUR. 

62. DISPERSION. 

i. Dispersion by a prism. —In a of am} nut a .slit (P) about 
2 cm. long and I mm. wide, JMani^ tlic card, with the slit vertical, 
in front of a, lish-ta.il gas llanu' (Fig. 1()3). Arrange a pri.sm (A) on 
a stand, so tJiat it is of the same height as the slit, and lias its 
ri'fraeling edge vertical. Jk-tween the slit and tin* jirisin phu‘(‘ a 
lens (Li)» Catch the liglit emerging from the prism by a second 



Fia. 103.— Experiment to show the dispersion of light by a prism. 

h'Tis {L^, "Movt'^dhe position of (1 h‘ sc-i'cen {S) until the colour(‘d 
band of liglit is best seen. Observe tliat tlie light is lefraeted 
towards the liase of the prism and that, it is (h'composi'd into 
eonstituent eoknirs, v hieh are difieriaitly Ixait }>v tlie |u ism. I’he 
violet light is refraet('d most and tlie red light h'ast. Colours 
between these limits are bent by intermt‘diate amounts. Name the 
colours you can see. 
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The band of colour is called a spectrum^ and an instrument con- 
structed on the principle of this experiment, a spectroscope ; the 
light is said to be dispersed by the prism. 

ii. Dispersion a consequence of unequal refraction.— (a) Place a 
red glass against the slit and notice that enly a red image of the slit 
is visible. Still observing the screen, sul)- 
stituto a blue glass for the red one. A l)ltie'' 
image is seen, but not in the same position as 
( he red one ; it is bent more away from the 
n'fraoting edge of the prism. 

(h) Place a seobnd prism unth its base in 
the same direction as that of tlie first. Notice 
a longer band of colour tlian in Expt. 62 i. 
is obtained, but it is fainttu'. The amourlt 
of dispersion has been inertuised. 

(c) Place the second prism so that its base 
adjoins the apex of the first prism (Fig. 167). 

The band of colour disfij)pears. 

{d) Substitute a hollow glass prism (Fig. 

164) filled with carbon hi sulphid<^ for llu^ 
solid glass prism used in tlie pr(*(^(ding ('x- 
p('i'im(‘iits. Observe the incr(‘as(d length of 
the spc'ctrum, owing to tht^ grcvitia- dispersive 
power of the carbon bi -sulphide. 



Fin. lt)4. — liollow 
])visni for holding liquids 
to show the decoTii posi- 
tion of light by uiKupml 
refraction. 


Analysis of light by a prism.— When sunlight, or, as it 
is called, white light, is passed through a prism, it is decomposed 
or dispersed owing to the different reft-angibility of the variola 



Fia. To illustrate the ddcomposition of white light by a prism. 


kinds of light contained in it. An examination of the band of 
colour or spectrum will show that one colour shades ini])crceptibly 
into the next. Tlieie is, then, a large number of waves of 
different lengths compiised in the white light from the sun, and 
each ray is bent to an extent depending on its wave-length. 
Befraction is actcompanied by dispersion.— In all the cases 
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of refraction which have hitherto been considered, the pheno- 
mena have been described as if all the ether- waves contained in 
white sunlight are bent equally, but this is really not so. 
What is commonly called “red’^ light is not so much bent out 
of its path by a prism as “ blue ” light. Or, expressing the same 
fact in another way, red light is less refrangible than the blue 
light. It is^found by accurate experiments, which the student 
will find descried in books on light, that the sensation of red 
upon the retina is due to the aVjsorption of ether- waves wMch 



Fio. A spectroscope for the analysis of light by raeans of a prism. 

arl^ long and tlie vibration frequency slow compared with those 
Waves which when al>sorbed by the retina give rise to the sen- 
sation of blue. The sliortest, most rapid waves are bent most ; 
the slow est, longest waves are bent least. The shortest, most 
ra|)id waves which affect the retina give rise to the sensation of 
violet. Since a prism bends ether-waves of different lengths 
unequally in this way, it provides a means of separating waves 
of different lengths from one another. Because they are bent 
differently tlie ether-waves are separated or dispersed by the 
prism. Til is may be expressed by saying that a prism can 
analyse light composed of waves of different lengths. 

If the decomposed sunlight, instead of being collected on a 
screen, be passed through a second prism similarly arranged, it 
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will be seen that the band is longer, or the dispersion is greater. 
The amount of dispersion also depends upon the material of 
which the prism is made. Glass produces a much greater 
amount of dispersion than water ; hint-glass possesses twice the 
dispersive power of crown glass ; carbon bi,, -sulphide, again, has 
even more dispersive power than flint-glass. 

Although a continuous band of colour is observed when sun- 
light, or limelight, or a gas- or candle-flame is seen through a 
prism, thi^s continuous spectrum is not always produced. For 
when substances such as sodium, strontium, and lithium, or 
their compounds, are burnt in a non-luminous flame, and 
observed through a prism, a spectrum consisting of bright lines, 
which are different for different sul>stances, is seen. A j)rism 
may thus be used, and is used, to analyse light. The light of 
incandescent sodium vapour, produced by burning common salt 
in a flame, when ol>served.J^hi"ough a prism is cliaracterised by a 
yellow line, and the lig£tg emitted by other substances when 
burning are each distinguis^d by rays of particular colours 
and positions in the spectrum. 


63. RECOMPOSITION OF WHITE LIGHT. 

1 Recomposition 6f light by a second prism.— Place a prism in 
front of an illuminated slit, as in Expt. 62 i. 01)8erve the band of 



Fig. 167. — Ilecoraposition of light by a second prism. 


colour, or spectrum. Place a second prism against the first one, but 
with the refracting edge adjacent to the base (Fig. 167). This prism 
undoes the work of the first one, and no spectrum can now be seen, 
but only the illuminated slit. 
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'ii>\ 1 

r(‘c‘()rn]v>Mit ion 
^ of white 


of l.lit 


i;:', 1o si low the 
oijstit licnt colours 


ii. Recomposition by colour disc.— I a round piece of card 
paint sectors of the diftereiit colours contained in the spectrum, 

arranging the areas of the 
coloured sectors as nearly as 
possible in the proportion in 
which they occur in the spec- 
trum. 

Plac(‘ the card upon a whirl- 
ing table (Fig. 168) or upon 
a top, and rotate it rapidly, 
when it will be found that 
light from the card gives ‘rise 
to the sensation of white or 

Formation of white light 
from its constituents.— 

dust as it is possible to 
analyse white light, sjilitting 
il lip into its constituent 
colours or wave-lengths, so, 
by suitable arrangements, these separated or dispersed colours 
can be made to recombine, forming white light over again. 
This building up, or synthesis, of white light can be effected in 
the following ways : 

1. By interposing a second prism with its angle reversed 
The dispersion of the fii'st prism is neutralised, and the beam of 
light leaves the second |)rism in a direction parallel to the beam 
incident upon the first prism. 

2. By the colour disc. 

The colour disc. —The explanation of the recombination of 
tlie separate colours of the spectiami by means of a rapidly 
revolving disc, as in Expt. 63 ii., is ^veiy simple. It is due to 
what is called the persistence of images on the retina of the eye. 
Fiacli impression the I’ctina receives lasts for a certain length of 
time — about one-tenth of a second. It is not an instantaneous 
impression only. Tliink of the common trick of whirling round 
a sti<‘k with ;i spark on the end which gives rise to the 
iiupi ession of a continuous circle of light. This is because the 
second impression of tlie sjiark is received by the eye before tlie 
first impression has died away. Similarly, the impression of one 
sector, say. a red one, has not disappeared before the next is 
received, and wliiie iliese compounded impressions linger a third 
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one comes along. The blurred total of all these rapidly 
occurring impressions produces the greyish white tinge seen 
when a colour disc is whirled. 

Colour. — In every case the colour of a body depends on 
selective absorption or selective transmission. Of the coloured 
rays of white light one portion is absorbed at the surface of the 
body. If the unabsorbed portion trjfverses the body it is 
coloured and transparent ; if, on the contrary, it is reflected 
the body is coloured and opaque. In both cases the colour 
depends upon the constituents of white light which are left to 
reach the eye after the other constituents have been absorbed. 
Bodies which reflect or transmit all colours in the proportion in 
which they exist in the spectrum are white ; those which reflect 
or transmit none are black. Between these extreme limits 
infinite tints exist depending on the smaller or greater extent 
to which bodies reflect or transmit some colours and absorb 
others. 

In the case of a blue glass the red and yellow rays of white 
light are absorbed, while the blue rays are transmitted almost 
completely, the green and violet less so ; hence the light seen 
through the glass is blue. " • 

Bodies have no colour of their own ; the colour of a body 
changes with the light which falls upon it. It is interesting to 
remember that this absorption of certain constituents of light 
necessitates a using up of energy. But since energy cannot be 
destroyed it is in these cases converted into heat. Theoretically, 
a blue glass would get hotter than a red one, because the former 
absorbs all the red rays, and these have a greater heating effect 
than blue rays. 


CHIEF POINTS OP CHAPTEE XVL 

Analysis of llgrht by a prism. — The points to be remembered are : 

1. That if a beam of monoohroraatic light, th|t is, light of oil© 
wave length, traverses a prism, it is bent out of its original dire<l|io|i, 
but the amount of bending produced by any particular prism depends 
upon the colour of the beam of light used, being greatest for 

and least for red light, 

2, That if light from any source passes through a 
broken up or analysed into its different components, eaob 
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elementary colour that enters into the composition of the light being 
bent by a different amount. 


8. That a beam of white light, / when \ 

/ it tr/iverse8\ 

/ a prism is \. Red 
/ broken up into \ Orange 
^ ^ Yellow 
Green 
Blue 
Indigo 
Violet 

White light can, therefore, like a chemical compound, be broken 
up into simpler elements. 

Recomposition of light— the colour disc.— The analysis of white 
lijght is noted above ; the synthesis, or recomposition, can bo 
effected : 

1. By making the coloured band or spectimm, produced when 
light has passed through one prism, traverse a second prism having 
its refracting angle reversed. 

2. By rotating a disc of cardboard paintbd in segments of violet, 
green, yellow, orange and red. 

Colour of transparent .podieB.— The colour of transparent bodies 
is due to the constituentiof white light timiamitted by them. 

Colour of opaque bodiia— The colour of opaque bodies is due to 
the constituents of white light which they reflect. 


EXEBOISES ON CHAFTES XVL 

1. Describe and explain the effects observed when cards coloured 

bright red, green, and blue respectively, are passed from the red to 
the blue end of the spectrum. < 

2. Some glass houses in which ferns are grown are constructed of 
green glass. Describe the appearance, to an observer in such a 
house, of a lady in a red costume carrying a book with a bright blue 
cover. Give reasbns for your answer. 

8. How would you explain to a class of children the effect of 
a stained glass window upon sunlight ? What simple experiments 
would yqu perform to convince them of the truth of your statements ? 

4. A of white light is passed through a glass prism ; make a 
sketch showing how the direction of the ray is changed by its 
passage through ihe prism and the order of the colours seen when 
the light falls on a screen. 

plow would you show that when these colours are re-corabined 
W&tte light is produced ? 

B, Describe an arrangement by means of which a spectrum may 
be lertned upon a screen. 
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If the light is made to fall upon a piece of red glass before reach- 
ing the screen, how and why will the spectrum be affected ? What 
would the effect have been if blue glass had been used ? 

6. How can it be proved that : 

(a) White light is a mixture of many colburs ? (6) Different 
colours have different degrees of refrangibility ? 

7. What is meant by the disperaion of light ? On what fact does 

it depend ? * 

8. Explain the term refrangihUity as applied to a ray of light. 
Are rays of all colours equally refrangible ? 

9. It is sometimes said that “ red glass colours the sunlight red,” 
and that “ blue glass colours the sunlight blue.” Mention facts or 
experiments which show that this is not accurate. Put the state- 
ment in a more accurate form. 

10. Bright sunlight falls obliquely upon the surface of the water 
contained in a white china basin ; a penny is held near the surface 
of the water, and in such a position that its shadow falls upon the 
bottom of the basin. Parts of the shadow are found to be edged 
with colour. What colours may be observed ? On what part of 
tlie shadow is each to be seen ? How do you account for the 
colours ? 



CHAPTER XVII. 


TERRESTEIAL MA<JNETISM. 


64. NATURAL AND ARTIFICIAL MAGNETS. 

i. Attractive property of lodestone — Examine a ]>iect* of lode- 
stone. Dip it into lion tiliiii^s. Oh^Tve that the tilings adhere in 
tuits to eel t. nil p.uts of tin* lodesttnio. 

11 Directive property of lodestoue — Tnkt* a wei'iind piece of lode- 

stom whuli has been roiiu;hly 
shapMi tliat tlie ])lac(‘s wlieic 
the tiliOL’s adlu'ie are situated 
near ikE Su])poit llii* pM‘ei‘ 
of lo<l<-.|one III a wirestiriup > 
sliown Hi Kig. 169, and pioM* 

iliat i\<‘ii li at first arranged in 
aii\ I'tliei \\a\, thi‘ piece ot 
lo(l(‘stone, aft(‘i swm^nne about 
loi ^oni<‘ tiiiK, e\entuallv comes 
to M aloiiL; .1 eiH'tain hin‘, and 
one t nd of the lodestone, Mlncli 
V MU (Mil mark with elialk, always 
])oinls in tlie same dn‘(‘etion 
ill Action between two lode- 
stones. -lj(‘av(‘ th(‘ ])iee(‘ of lode- 
stone of th(‘ last exercise sus- 
]M nd(Ml in it- position of rest. 
DiniLr n]» tie tii-1 pi(‘fe ot lod(‘- 
st(*m towaids it in such a 
maniH'i tli.it oih‘ ot the ])lac(‘s 
tie tilinu^' adhen^d points 
at lh( Mid Ml th(‘ suspended 
))i(‘e.« ()b-^cr\(‘ li.ii happi'Tis Nom point it at t lie otluT end of tlie 

susj»- iidt d iMdi-toMf and aL’am i»l*‘>«Me tin losult. In one ease 
attraction tak( s ])la<*e, wliih in iIk* »»tiier lepulsiori ensues. 

iv. Magnetisation by means of lodestone— 'f'ak(‘ a ijood sizeil sew me 
nf‘f'db‘ and ti\ it mm the tahh^ with .i litth* soft W'ax F-iiiLMlie 
pi* < (“ ot lM(|rMoni‘ tiMiii tin '-limip in tin* last e\])t‘riment , 'omI 
nx.einnine «il the pmul mI tin ne« <lh‘, luh tin* « nd ot the ludestci+e 

•->42 



I' in 169. — A ledostenc altraots iroTi 
and, if fo o to tnni, sets itself 
in a dufiuite dm i rion 
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along the length of the n(jedle, and wlien you get to the eye, raisin 
the lodestone and* bring it again on t(j the point of tlie needle and 
repeat the stroking pro- 
cess. 1 )o this about ten 
or twelve times. 

V. Properties of a 
magnet. — Examine the 
needle whicli lias been 
rubbed with the lode- 
stone. No change of 
appearance can be seen, 
but it will now attract 
iron filings at its ends. 

Support it in a tiny 
stirrup (Fig. 170), and 
see that it arranges 
itself as the shaped 
piece of lodestone did. 

Also notice that while 
the point is eitlu^r at- Fio. 170.— Convenient nietliods of suspeudin^ mag- 
tracted or repelled by nets to illustrate their directive iTofJcrties. 
the end of the shaped 

lodestone, the eye is repelled or attracted, that is, beha\'es in an 
exactly opposite manner. 

needle has bet‘n made into a magnet, or has become magiiet- 
ed. Most lilings an' attracted at its t'lids, w hich are in eonseijuence 
termed the of the uiagiiet. 






Fio. 171 .— tSusiHaidcd bar magnet with iron tilings adhering to its poles. 


VI. ATxmciai magneus. — ji.xannne several torms ot artilieial magnets. 
Notice that some are in th «4 shape of bars, others in that of a TOfse- 
shoe. 

Treat the bar magm't in the same way as the shaped lodestone, 
ti^s : (a) Support in stirruj), and sg^that it arranges itself along 
wife same line (Fig. 171). 
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(6) Dip both ends successively into iron filings. Notice and 
sketch the way in which the filings form a tuft. These ends are the 
poles. No filings adhere to the centre of the magnet. 

(c) Support the magnetised needle as in Expt. 64 v. Brin^ first 
one* end of the bar-magnet, and then the other, up to the point of 
the needle. Notice and record the result. Repeat, using the eye 
of the needle. 

Lodestone. — Lodestone is a chemical compound of iron and 
oxygen which occurs in the earth’s crust. It is more com- 
monly known as magnetite. The name lodestone is reserved 
for those varieties which have magnetic properties ; it signifies 
leading stone ” and refers to the early use of this directive 
property for navigating ships. This mineral is found in con- 
siderable quantities'in Scandinavia, Asia Minor, United States, 
and other countries. 

Artificial magnets. — The experiments already described 
teach several important facts. Lodestone is able naturally to 
attract iron filings. It arranges itself in a particular way when 
allowed to hang freely. It can impart these properties to 
pieces of steel, converting them into artificial magnets. These, 
in their turn, can make other pieces of steel into artificial magnets. 
All artificial mag^jl^s arrange themselves in the same way when 
freely suspended. In every respect an artificial magnet lias the 
same magnetic properties as lodestone. 


65. PRIMARY LAWS OF MAONETISM. 

1. Magnetic attraction and repulsion. — (a) Substituting the bar 
magnet for the shaped lodestone, magnetise another needle as in 
Expt. 64 iv. 

(b) Support the two magnetised needles, which you now have, each 
in a little stirrup. Allow them to swing freely and come to rest. 
On the ends of the two needles which point in the same direction 
stick a piece of paper, or mark them in some other convenient way. 

(c) Leave one needle in its stirrup and take the other out. Hold- 
ing the needle in jjam r hand, bring the marked end up to the marked 
end of the suspemed needle. Notice repulsion. Bring the un- 
marked end of themeedle in your hand up to the unmarked end of 
the suspended ne(klle. Again notice repulsion. 

(<i) Now bring the unmarked end of one against the marked end 
of the other. Notice attraction. ^ 

(e) Substitute a soft iron-nail for the needle in your hand in the 
Iftst experiment. Notice that when either end of the nail is brought 
up tp the marked or unmarked end of the suspended magnetised 
attraction ensues. 
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Since unmagnetised iron will attract both poles of a magnetic 
needle, we are led to an important conclusion, viz. that repulsion is 
the only sure test of permanent magnetisation. 

ii. Action between poles of ma^etand compass needle.— (a) Pro- 
cure an ordinary eornpass needle, which is si^iply a light magnetio 
needle supported as in Fig. 172, so that jt can move easily in a 
horizontal plane. Notice 
that one end, which is 
marked, always points 
towards the north ; it is 
called the 7iorth- seeking 
end. Bring up towards 
this marked end of the 
compass needle that end 
of a bar -magnet which 
points to the north, wlien 
it is freely suspended in 
a stirrup, and is marked 
with an N. Notice that 
they repel one another. 

Repeat the experiment 
using the unmarked, or 
south-seeking., end of the ne(;dle and bar-magnet. Observe they 
similarly repel one another. 

(h) Repeat the last experiment, only make the unmarked end of 
the bar-magnet approach the marked (nd of tbe ma^dh*. Observe 
that they rush together or attract one another. Similarly, notice 
that unlike poles in all circumstances attract o)M‘ another. 

iii. Place a bar-magnet upon tlic tal)ic. Arrange a compass 
needle upon it so that its point of suspension is on tlie middle line 

of the magnet, where it 
is found no filings ad- 

here. Set the (-ompass 

^ needle swinging and tlien 

allow it to c(>me to rest. 

Fio. 173. -Unlike poles attract one another. Observe that the needle 

arranges itself, wdth its 
marked end pointing towards the unmarked end of the magnet. 
The reverse is true of the other pole of the needle {Fig. 173). 

We say the magnet exerts a directive force upon the needle. 
Put the needle in other positions on the magnet and notice the same 
fact. 

iv. Result of breaking a magnet. — (a) Magnetise apiece of clock- 
spring. Find which end is repelled by the niarked end of a sus- 
pended magnetic netidle, and stick a piece of paper on this end. 
Convince yourself that the other end of the piece of hardened spring 
is attracted by the mark<Ml end of the suspend(‘d needle. Obs('rve, 
too, that the middle of t lu' piece of spring has no ellec^t on the needle. 

(6) Break the piece of spring into halves, and examine each piece 
by bringing the ends of the pieces in turn up to the suspended 
needle. ^What was, before breaking, the middle part of the piece of 
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spring is now found to affect the needle and to attract the iron 
filings. Each piece has become a perfect magnet. 

(c) By means of the suspended magnetised needle, satisfy yourself 
that the other end of the half which is marked, is attracted by the 
marked end of the iW3edle, while the other end of the half which 
is unmarked, repels thq marked end of the needle. 

Magnetic attraction and repulsion. — Experiments like those 
now performed teach the rule referred to as the “ First Law of 
Magnetic Attraction and Repulsion,” which can be stated thus : 

Like magnetic poles repel one another. 

Unlike magnetic poles attract one another. 

It must, however, be noticed here that, although repulsion is 
sufficient proof that two like poles are acting upon one another, 
attraction is not necessarily due to the mutual action of two unlike 
permanent poles, since, as has been seen in Expt. 65 i. (c) mag- 
nets can attract soft iron which has no permanent poles at all. 

Why a magnetic needle points to the north.— A compass 
needle always arranges itself with its marked or N end towards 
the magnetic north, because the earth acts like a bar-magnet. 
A certain part of the earth in the northern hemisphere acts like 
the unmarked or south-seeking end of the magnet, and attracts 
the marked end of»the needle. The place where this attractive 
force is greatest is called the north magnetic pole, and though at 
first it seems contradictory, there must evidently be the south- 
seeking kind of magnetism at the north magnetic pole. The 
line in which the needle arranges itself is called the magnetic 
meridian. The student must avoid the common error of believ- 
ing that the south pole of a magnet points towards the north. 
The north pole of a magnet points towards the noi'th ; and the 
question as to the kind of magnetism at the earth’s magnetic 
poles does not affect the names given to the poles of a compass 
needle or magnet. If it were possible to obtain a magnet with 
a north pole alone, this magnet would move bodily toward the 
north pole of the earth ; but as every magnet has two poles, the 
earth’s action is only directive. 

Lines of force« — When a bar-magnet is covered with a sheet 
of card or glass, and iron filings are sprinkled on the card, if the 
card is tapped the filings arrange themselves along definite 
lines* The filings chiefly collect round the ends, which contain 
of the magnet. The poles are found near the ends 
bar-magnet, where the magnetic power is most strongly 
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shown. A line joining the poles is called the magnetic axis. A 
line at right angles to the axis and midway between the poles is 
known as the neutral line or magnetic equator. It has been seen 
that there are no filings along this line, where the opposite 
magnetic properties appear to neutralise ^one another. Each 
filing acts like a tiny magnet. 

When two magnets are placed near onfe another, the lines of 
force due to their mutual action can be shown by means of iron 
filings. The curves in which the filings arrange themselves 
indicate the direction of the resultant magnetic force. 


. 66. MAGNETIC DECLINATION. 

i. Magnetic meridian. — Remove all magnets, also any pieces 
of iron, to a distance. Make circular holes in two pieces of card- 
board and fasten fine thread or silk fibres across each as shown in 



Fiq. 174. —Determination of magnetic meridian. 


Fig. 174. Fasten these two pieces of cardboard to the ends of a bar- 
magnet and support the wht)le as shown in the illustration. Bring 
the magnet to rest and mark the line of the centres of the cross wires 
by brass pins stuck into the table. Draw the line ah. Reverse the 
that the cross wires are now below it, and repeat. Draw 
line bisecting * tfie angle between ah and a'h' is the 
magnetic meridian. Why is it necessary to use pins of brass instead 
of ordinary pins in this experiment ? 

(6) Freely support above this line each of the magnets you have 
in order, viz., the shaped lodestone, the magnetised needles, and 
the horse-shoe magnet. The horse-shoe magnet is best supported 
vertically by a thread. Notice that on coming k) rest they all 
arrange themselves along the magnetic meridian. 

The line along which a freely suspended magnet arranges itself is 
known as the magnetic meridian, and it can be at once 
traced for any place by the simple experiments you have perfonq^i 
ii. How to find the geographical meridian.— Allow a 
pended compass needle to come to rest. Draw a line on thil 


magnet, so 
a'b\ The 
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' to mark the direction of the needle. Through the point under the 
spot where the needle is supported draw a line inclined to the 



Emci y Valket-ic. 


FiO. 175. — Tho lines running down the figure show where the magnetic 
iecliuation is ttee same ; the broken lines across the fikmre connect points 
CMiual magnetic dip. jiFrom Prof. 8. P. Thompson's Lissom in BUctricity 
md Ma 4 fnituiiu Macmillan.) 


meridian you have just drawn, and at an angle to it equal 
ii;|he magnetic deolinaiion of. the plaoe, which can he found from 
, 175. The lines running from top to bottom are lines of equal 
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magnetic declination, and the numbers at their ends show tlje 
number of degrees by which the north pole of a magnet sets west of 
true north at the present time in the British Isles. 

Declination, or variation* — The magnetic poles of the earth 
do not coincide with its geographical poles. You will learn later 
what is known about the position o{ the former. Great circles 
round the earth, which pass through 
the geographical poles, are known 
as the meridians of longitude. 

Similarly, curved lines pointing to 
the magnetic north and south poles 
of the earth are called magnetic ^ 
meridians ; and it is along one of 
these that a compass needle ari*anges 
itself. The angle between the geo- 
graphical and magnetic meridians of 
any place is called the declination 

or variation of that place (Fig. 176). -Magnetic declination 

Its value for any year at various is the angle between the magnetic 

, . V 1 . 1 . 7 aud geographical meridians of a 

places IS recorded in the Nautical place. s 

Almanac. At Greenwich Obser- 
vatory in 1915 the declination was 14'’ 56' W. Having a com- 
pass needle and knowing the angle of declination it is easy to 
determine the geographical meridian through a place. The 
direction in which the compass sets itself is found, and then 
allowance is made east or west of this according to the 
declination of the place of observation. 

67. MAGNETIC DIP. ^ 

i. Meaning of magnetic dip. —Take a knitting needle and support 
it by a fibre or two of unspun silk, attached by soft wax, so that it 
arranges itself horizontally. Now holding it carefully so as notf to 
break the silk, magnetise it by the method of Expt. 65 i. (a). Allow 
it to liang freely again. It is no longer horizontal. One end di^s 
down. By means of a compass needle ascertain which pole is 
dipping, and record your result. 

li Construction of a dipping neOdle.— A needib which is free to 
move in a vertical plane, but fixed as regards movement in a hcwi- 
zontal plane, is called a dipping needle. Either use a liought dipping 
needle, or make a simple form yourself such as the following : 

Select an unmagnetised knitting needle about 6 ins. long. Con* 
struct an aalo for the needle in the following manner i Hold two 
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short pieces of copper wire on ^pQ||ite sides of and at right angles 
to the length of the needM ends of the wires together 

on each side so as to grip the n© 0 ip(|ightly and carefully straighten 
the twists. Make the wire surfaces ks smooth as possible by heating 

in a gas dame and applying sealing 
wax, shaking off the excess of wax 
while still fluid. Apply a spot of 
sealing-wax so as to connect rigidly 
the axle to the needle. Make a 
support for the needle by cutting 
two rectangular pieces of sheet 
brass or copper (3 in. x J in.), 
rigidly connect them together at 
the base with their short edges 
horizontal and J in. apart, and 
fix them to a suitable base -board. 
Attach a circular scale of 90° to one 
of the supports (Fig. 177). See 
whether the needle is truly bal- 
anced by supporting it by its axle 
on the knife-edges ; if necessary, 
adjust the position of the axle by 
slightly warming the sealing-wax 
joint and moving the axle along the 
needle. Carefully magnetise the 
needle. Place it on the knife-edges 
Fia. 177. ~A sirr ’c form of dipping* with its axle coinciding with the 
needle. centre of the circular scale. 

iii. Determination of the an^le 
of dip.— (a) To make an accurate measurement of this angle you 
must be si^ of one or two things. The needle must move in the 
plane of thw^aqnet^c mc'c^an. One plan to ensure this is as 
follows : Carefully draw tlWmagnetic meridian by Expt. 66 i. , and 
then arrange the needle so 
as to lie directly above it. 

When set free the needle 
moves in the plane of the 
meridian. 

(h) A better way, and the 
Ian generally adopted, is 
rat to rotate the needle 
until it stands quite verti- 
cal, in which case the plane 
of movement is at ri^. t 
angles to the magnetic meridian. Then turn the plane in which 
the needle is fre^to move through exactly 90°, thus making this 
plane to coincide with the magnetic meridian. 

It. Bjq;»|anatloii of angle of dip. — Magnetise a sewing needle as 
in Expt. 66 U ST|ft)end it by a thread so that it hangs quite hori- 
zontally. |*he neutral line of a bar|magnet, and notice 

that it remains HKSont^. Gradually move it towards the north- 



Fio. 178, —Dip of a small compass needle In 
different positions over a magnet. 
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seeking end of the magnet. Observe that as the pole of the magnet 
is approached the needle becomes inclined with the south»seeking 
end downwards at larger and larger angles to the bar-magnet, untu 
when it is over the magnet pole it is vertical. The angle which the 
needle makes with the bar-magnet corresponds to the angle of dip 
of a dipping needle. ^ 

A dipping needle is simply a magnetic nefedlc suspended in 
such a way that it is fi*ee to move in a vertical plaice in a 
manner similar to that in wliich the magndlfcsed knittirf|> needle 
moves in Expt. 67 ii. Fig. 179 will make 
the principle of its construction quite clear. 

The value of the magnetic dip at Green- 
wich in 1915 was 52'. 

Behaviour of the dipping needle at 
different places on the earths surface,— 

It has been seen that a needle assumes a 
horizontal position when above the neutral 
line, or magnetic equator, of a magnet. 

When above the poles of the magnet the ^ 
needle stands vertical, and in intermediate ' 
positions the needle is inclined at a greater 
and greater angle as the pole is approached. 

Moreover, over the north-seeking end of the 
bar- magnet the south-seeking pole of the 
needle is below, whereas over the other 
end of the bar-magnet the north-seeking^ 
pole of the needle is in the lowest posftion. 

Precisely the same thing is observed in the case of the earth ; 
in some places the dipping needle adopts a horizontal position, 
and a line joining all those stations where this is so marks 
the magnetic equator of the earth. When rhe needle is moved 
away from this equator towards one of the magnetic poles of 
the earth, the dipping needle makes a larger and larger angle 
with the horizon, or, what is the same thing, the angle of dip 
increases, until eventually the needle stands vertical, or the 
angle of dip is a maximum. When this is so the observer knoym 
that one of the magnetic poles of the earth has been reached. 

Position of the earth's magnetic poles, —The magnetic poles 
of the earth, which are located by the vertical position ‘of the 
dipping needle in their immediate neighbourhoods, do not 
coincide with the geographical poles. The north magnetic pdie, 
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at whicli there must ;be south -seeking luagnetism, because 
the north -seeking po|^ of the dipping needle is the one 
wliich dips, is situated a thousand miles away from tlie north 
geographical pole at F>oothia Felix in lat. 70° 5' N., and 
long. 96° 46' W, its |)osition was discovered by Sir James 
Ross in 1831. The south magnetic pole was found by the 
Shackleton Antarct/c Expeditioi^ in 1909 to be a spot in 
South Victoria Land having the position lat. 72^" 25' S. and 
long. 154° E. 

The earth as a magnet. —The va^^)us phenomena, to which 

4 



Fia. ISQ.—Di^kgrammatic representation of magnetic condition of the earth. 


it has been possible only to refer briefly, could be produced in 
a general "Way if a huge magnet or lodestone was arranged 
along a diameter of the earth with^its south-seeking end under 
the naH5b inagnetic pole (Fig. ISO).' The position taken by the 
dipping n^veille is that which such a bar-magnet would cause it 
to adopt. The neutiul line of the bar-magnet would be the 
position of the magnetic equator of the earth, and the magnetic 
poles of the e?irth would be over those of the magnet. The 
earth's magnetic condition can, however, be better represented' 
by considering that there are two magnets within the earth, 
one much stronger than the other. Of course, it must be 
understood that no such gigantic magnets are hidden away in 
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the earth’s interior, but the illustration* affords a ready means 
of remembering the chief points which have been enumerated. 

The mariner’s compass. — Expt. 66 i. (6) has shown that every 
suitably supported magnet arranges itself in the magnetic 
meridian, and it is on this fact that the mariner’s compass 
depends for its construction. In the actual instrument, a flat 
needle is suspended by nie^ of an agate cap, plac^at its 



Fio. 181^— A compass card. 


centre of gravity. The cap works on a point in sucn a manner 
that the needle can move freely in a horizontal plane. ' On the 
top of the needle a card, divided as shown in Fig. 181, is fixed, 
care being taken that the centre of the needle is under the 
centre of the card, and the north-seeking pole of the magnet 
under the division marked north on the card. This north point 
is indicated in the figure by means of the fletcr-de-lis. With 
this arrangement the direction of the magnetic north pole is 
always seen l>y looking at the fleur-de-lis. The dotted line 
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indicates the direction of the middle line, from bow to stern, of 
the ship upon which the compass card in the figure is supposed 
to be. When the man at the helm wishes the ship to travel in 
any particular direction, he turns the wheel until the required 
point of the corApass comes under the arrow on the dotted line. 
In Fig. 181 the compass-card indicates that the ship, the medial 
line of which is shown, is travelling in a N.N.E. direction. 


68. MAGNETIC INDUCTION. METHODS OF 
MAGNETIZATION. 

i. Magnetic induction. — (a) Place a piece of soft iron in a clamp or 
on ^ block on the table, and bring a magnet near one end. It will 
be found that so long as the iron and magnet are near one another, 
the iron is magnetic, but directly the magnet is removed, the soft 
iron loses its magnetism. Test the ends ot tlie iron with a small 
compass and ascertain what is the nature of the polarity produced 
in the iron. 

(h) Repeat this experiment using a very strong magnet and a small 
piece of steel in place of the soft iron. Similar results will b(‘ 
obtained except that the steel retains its magnetism after the 
magnet is removed. 

ii. Induction loy earth.— Hold an iron poker in the line of magnetic 
dip (p. 251) with its lower end near a compass needle. On tapping 
the iron a few times with a hammer, it will be found to become 
magnetic with a north pole at the end near the compass needle. 

Magnetic Induction. — The production of niagnetisni in this 
way without contact between the inducing magnet and the iron 
or steel is said to be due to Induction. 

In Experiment 68 ii. the inducing magnet is represented by the 
earth, which corresponds to a very weak magnet. Tapping the 
iron is found to increase the strength of the induced magnetism. 
The iron poker need not be accurately in the line of magnetic 
dip ; in fact it is a common expeiience to find workshop tools 
magnetic after they have been standing vertically for a wliile 
in a rack. However, a stronger effect is produced if the iron is 
actually in J|ie line of dip. 

Methods of magnetization. —Artificial magnets may be 
made from steel bars in several ways. 

1. By rubbing with a lodestone as on p. 242. 

2. By rubbing with one or more artificial magnets. It is 
necessary to use the same pole, and to rub the steel in the 
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same direction the whole of the time. For, supposing the 
north pole to he used, and the direction of rubbing from left 
to light, then the new magnet will have a north pole on the left 
and a south pole on the right. The end last rubbed has a pole 
opposite in sign to that of the rubbing magneu Now, a south 
pole being used in the direction of right to left will produce the 
same effect as a muth pole moved in ti e op])osite direction. 
Advantage (if this fact is sometimes taken, the steel being 
magnetised by using two magnets at the same time. Com- 
mencing in the centre of the steel bar, and using the opposite 
poles of two magnets, these poles are rubbed on the steel 
towards the ends, the magnets aie lifted, and the strokes 
repeated from the middle as many times as may be necessary. 

3. By passing an electric current round the steel as explained 
on p. 268. This is the way in which magnets are made at 
the present time, because not only is it a quicker process, but 
the steel is magnetised much more strongly than by rubbing 
with magnets. 


CHIEF POINTS OF CHAPTER XVII. 

Lodestone is a natural chemical compound of iron and oxygen 
which possesses the property (1) of attracting iron and steel filings ; 
(2) of coining to rest in a magnetic north and south line when freely 
suspended or balanced. 

Artificial magnets can be made by stroking a piece of steel in one 
direction with a IcKiestoiic or an artificial magnet. In every respect 
artificial magnets have the same magnetic properties as lodestone. 

The primary law of magn'itic attraction ami repulsion is : like 
poles repel each other ; uniike poles attract each other. 

When a magnet is broken, each of the resulting parts is a magnet 
possessing both a north- and a south-seeking pole. 

Magnetic declination or variation is the angle l)etween a true 
north and south line (shown by a noon-day shadow) and a magnetic 
north and south line (shown by a compass needle), ip differs at 
different places, and varies from year to year. 

Magnelfic dip or inclination is the angle which a magnetic needle 
turning about a horizontal axis makes with the horizon when the 
vertical plane in which it moves coincides with the magnetic 
meridian. It varies from place to place and from year to 3^ar. 

A dipping needle simpfy consists of a magnet supported on f 
bprizontel a^^is and free to move in a vertical plane, The needi# 
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must swing exactly in the magnetic meridian before the angle of dip 
at a place is measured. 

The earth’s magnetic poles ai'e the points through whicli magnetic 
meridians pass, and at which a dipping needle would set vertically. 
The north magnetic pole is in Boothia Felix, and the south magnetic 
pole is at about Ut. 72° S. and long. 154° E. 

Magnetic induction takes place when a ma^et is placed near iron 
or steel. The magnetisation produced in the former substance is 
temporary, but in the tatter it is permanent. 

Making mag^nets. — Steel may be made strongly magnetic by using 
two magnets and rubbing the steel with opjKisite poles from its 
centre towards the ends. The strongest magnets are made by using 
electric currents. 


EXERCISES ON CHAPTER XVII. 

1. Suppose you are given a small compass and two knitting 
needles, of which one is slightly magnetised and the other un- 
magnetised. How will you find (1) which needle is which, and (2) 
which is the north-seeking end of the magnetised needle ? 

2. A bar-magnet is broken into four pieces. What magnetism 
do these pieces possess ? How can you prove the truth of your 
answer ? 

3. IVo compasses are put near together on a table. In what 
positions may the needles be expected not to disturb one another ? 
How will the needles behave when one compass is put to the 
magnetic north west of the other? 

4. A magnet is embedded in a piece of wood. How can the 
position in which it lies be determined without breaking the wood? 

How could you determine the magnetic north and south direction 
by means of such a hidden magnet ? 

5. Explain the meaning of the following : 

(a) The mean declination at Greenwich in 1896 was 16° 56' *5 

west. « 

(b) The mean dip in Greenwich in 1896 was 67° 9'. State why it 
is necessary to specify the place and the year in which the observa- 
tions were made. 

6. Two darning needles are magnetised so that the eye of each 
is the north-seeking end. They are hung up side by side, each 
by a separaJe tjiread fastened through the eye. What magnetic 
action between them may be observed? Blow do you account 
for it? 

7. A piece of wood is fastened to a bar magnet in such a way 
that the latter will float horizontally. The magnet is then placed 
in a basin of water. What results may be observed? What do 
these results teach us about the magnetic force of the earth ? 
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8. A compass and a magnetised knitting needle are laid upon a 
table. When one end of the knitting needle is placed close to the 
compass on the (magnetic) north side, the compass needle settles 
with its north-seeking end pointing to the (magnetic) north-west. 
Draw a diagram to sliow the directions of the^ various magnetic 
forces that keep 'The compass needle in the position in question. 
You may assume that the further end of the knitting needle is so 
far off tliat it does not influence the compass •needle. 

9. Each of two magnetised knitting needles is suspended by a 
thread in such a way that it will hang horizontally. In what 
direction will each needle settle itself when uninfluenced by the 
other ? What magnetic action between the needles may be observed 
(1) when tliey are hung side by side, (2) when they are hung with 
the north-seeking pole of one just under the south-seeking pole of 
the other ? 

10. What is a dipping needle? For what purpose would you 
employ it? How could you satisfy yourself that the dip was not 
due to the gravitational action of the earth ? 

11. Describe the various metluKls of making magnets. Explain 
some simple experiments to illustrate magnetic induction. 



CHAPTER XVIII. 

STATIC ELECTEICTTY. 


69. ELECTRIFICATION. 

L Development of electrification by friction.— (a) Arrange a v^ariety 
of small light fragments, such as pieces of paper, bran, saw-dust, in 
a heap upon the table. Vigorously rub a rod of glass Miih a ]>iece 
of dry silk and hold it over the light fragments. Observe how they 
are attracted by the rod. 

(6) Repeat the last experiment, using 

( 1 ) Rod of sealing wax and fiaimel. 

(2) Rod of ebonite and a cat’s skin. • 

(3) Sheet of brown paper and a clothes brush. 

To obtain satisfactor}^ results the rods and rubliers should 

1)6 quite dry and warm. 
This can be ensured by 
placing them on sand con- 
tained in a baker’s tray 
supjiorted on a couple of 
tripod stands, or in some 
other suitable manner, and 

\ warmed by a Bunsen 
burner or two. The tray 
» should be covered with 
a* piece of sheet iron 
bent into the form of an 
arch. 

it Electrical attraction 
and repulBion.— (a) Make 
^ stirrup out of stout 
copper-wire. Hang it from 
the ring of a retort stand 
♦bv means of a thread or 
Fio. 182. -To illustmte Experiment 60 ii. (»). ^bbon. Balance a round 

ruler in the stirrup. As 
in Expts. 69 i. {a) and (6), electrify a rod by rubbing and bring 
it near to the balanced ruler. Notice ii^traotion. 
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(5) Substitute other heavy rods for the ruler and observe that all 

are attracted by the electrified body. Vary the experiment by 
balancing the rubbed, and consequently electrified, body on the 
stirrup, and holding th(3 i-ods, which were previously balanced, in 
your hand, bring them uj) to the rod on the stirrup. Again attrac- 
tion takes place. ^ 

(c) Repeat Expt. fi9 i. (a) and observe that after the light particles 
have been attracted by, and touch, tht% electrified rod, they are 
immediately repelled. 

(d) Or, support two pit balls by two cotton threads to a wire 
stuck in a i-od of sealing wax supported as in Fig. 183. Bring the 
electrified rod near the balls. They 
are attracted by, and touch, the 
rod. This is followed by rejmision, 
and afterwards it will f>e observed 
that tlie ))alls repel one another and 
stand apart. 

iii. Two kinds of electrification.-— 

(a) Rub a piece of glass tube with 
the piece of dry silk, and support 
it on the hanging stirrup. Then 
rub a piece of sealing-wax with 
flannel and bring the rod of sealing 
wax near the glass tube. Notice 
attraction. Record the fact that 
class rubbed with silk is attracted F,g_ i s3. -Pith-balls supported as 
by sealing wax rubbed with flanael. descrilied in Exporimout 6$) ii. (d). 

Repeat the experiment, first rub- 
bing and supporting the sealing wax, and then bringing near it 
the rubbed glass tube. Notice the same result. 

(6) Support one piece of glass tube which has lieen rubbed with 
the silk rubber (in this case it is advantageous to hang the stirrup 
by a silk thread) and bring up a second glass tube which has been 
similarly treated. Notice repulsion. Record the fact that glass 
rubbed with silk is repelled by other glass similarly treated. 

Repeat the last experiment, using two sticks or sealing wai and 
a flannel rubber. Record the result. 

(c) Support a single pitl^-ball by a silk thread to a support with 
a varnished glass leg. • Bring in contact with the ball a glass rod 
which has been rubbed with silk. 

(d) Using two pith-hall pendjdums, as the arrangement in the last 
exercise is called, one charged as in the last experiment, and the 
other similarly, but by means of a piece of sealing wax rubbed with 
flannel, test the nature of the electrification generated on the 
rubbed body in each of the following cases : (i. ) sulphur rubbed with 
fur ; (ii.) sulphur with flannel ; (iii.) ebonite with silk ; (iv.) ebonite 
with fur ; (v. ) glass with flannel ; ( vi. ) amber with flannel. 

Electrification. — That some substances when rubbed acquire 
the peculiar power of attracting light bodies has been known 
from very early times. It was recorded by Thales (no. 0O6|J 
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that amber when rubbed became different from all other sub- 
stances by possessing this power of attraction# The supposed 
cause of this property is called electricity, froni the Greek word 
for amber (electron). Up till the end of the sixteenth century 
amber was considered to be unique. When, however, men 
began to observe and experiment, it was soon found that many 
substances behaved in a similar way. Substances which, like 
amber, became electrified by rubbing were called electrics. 

It is now known that, under suitable conditions, most, if not 
all, substances can be electrified by rubbing with a suitable sub- 
stance. A rod of sealing-wax rubbed with flannel will cause 
quite a flutter among fragments of tissue paper, and a sheet of 
warm brown paper, after stroking with a clothes brush, also 
will attract light bodies. 

In order that these electricjil effects may be well seen, it 
is essential that the materials used be quite dry. The best 
way to ensure this is to place them in front of a clear fire 
or in an oven such as that sufficiently described in Expt. 69 
i. (6). 

Electrical attraction and repulsion.— To obtain a fuller 
knowledge of electrification, it is necessary to observe more 
closely and to experiment with precision — that is, scientifically 
—on electrified bodies. Are all light bodies attracted, or only 
a selected few ? It is easy to detect even a small attraction 
when a body is suspended in an apparatus similar to Fig. 183, 
and some such form may be used conveniently. Small balls of 
various substances are easily attached, by means of thread, to a 
support having a varnished glass leg. Whatever the composi- 
tion of the balls, they are attracted without distinction by an 
electrified rod. If the electrified bod»/ itself is suspended, any 
substance brought near it will attract it. 

The attraction between a body that is electrified and one that 
is not is mutual ; each attracts the other. When one of the 
suspended balls is allowed to touch the attracting rod, after 
a momentary he^ytation, it flies away and afterwards refuses to 
approach the rod again. If two balls hanging together have 
been attracted and touched by the rod, not only are they 
repelled by the rod, but they also repel one another (Fig. 183). 

Two kinds of electrification. — If a suspended ball is 
repeUed by a glass rod which has been rubbed with silk, a 



STATIC ELECTRICITY 


261 


piece of sealing wax rubbed with flannel will attract it. Thus, 
the sealing wax and glass, though both electrified, behave differ- 
ently. It is found that all electrified bodies behave either like 
the rubbed glass or like the rubbed sealing wax. IClectrification 
is, then, of two kinds. It has been seen that when an electrified 
body shares its electrification with another body, the former 
immediately repels the latter ; also tliat a glass rod rubbed 
with silk will repel another similarly treated. From such facts 
as these it may be concluded that bodies similarly electrified 
repel one another. Sealing wax rubbed with flannel will, how- 
ever, attract a glass rod previously rubbed with silk. It may 
be stated, therefore, that bodies oppositely electrified attract one 
another; but attraction must not be considered as a criterion of 
opposite electrification, for an electrified glass rod will not only 
attract an electrified rod of .sealing wax or ebonite, but any 
electrified rod will attract an unelectrified body. 

The names yitreous and resinous were given originally to the 
states of electrification of the glass and sealing wax respec- 
tively. When, however, it was found that gla.s8 rubbed with 
fur possessed the same kind of electrification as sealing wax 
rubbed with flannel these names fell into disuse. Instead of 
vitreous and resinous, the words positive and negative are now 
used. Glass rubbed with silk becomes positively electrified 
(•fly), while sealing wax rubbed with flannel is negatively 
electrified ( - ly). When a body is electrified it is also said to 
be charged. 


70. ELECTRIC CHARGES. 

« 

i. Equal and opposite charges. — (a) Make a flannel cap just to fit 
the end of a stout rod of scaling wax or other convenient substance. 
Attach a silk thread to the flannel cap. See that both rod and cap 
are dry and warm. Have a positively charged pith-ball pendulum 
near. Rotate the flannel cap once or twice by pulling the piece of 
silk which has been previously wound round it. 

(6) Holding the cap by the silk thread, briAg it near the fly 
charged ball. Notice repulsion. The cap is theremre + ly charged. 

(c) Touch the pith ball with a finger, and then charge it nega- 
tively by means of a piece of sealing wax rubbed with fiannel. 
Bring near it the end of the rod on which the flannel cap has been 
rubbed. Again notice repulsion. The rod was therefore -‘ly 
charged by the flannel cap. 
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(o?) Put on the cap again and repeat the rubbing. Do not take 
off the cap, but bring both up to aii uncharged pith ball. There is 
neither attraction nor repulsion. 

il. Conductors and insulators. — (a) Rub w itli a piece of dry silk 
a brass tube held in^ the hand. Bring tlie tube near to the cap of 
an electroscope. There is no divergence of the leaves. 

Procure a piece of brass to which a varnished glass handle has 
been attached, and holdi\ig the rod by the glass handle, flick the 
brass with the silk, or with a cat s skin. N()W, quickly bring the 
brass in contact witli the cap of the electroscope. Notice tlie diver* 
gence of the leaves. 

Try to think what causes the difference between this result and 
the former one. 

(/)) Cause the leaves of an t^lcctroscope to diverge widely by means 
of small positive charges fnmi a proof plane, such as a metal disc 
attached to a glass rod. Touch tlie disc of the electroscope in 
succession with pieces of glass, sealing wax, solid paraffin, ebonite, 
and metal rod. 

Charge the electroscope again and touch the disc with the finger. 
Record your results. 

During electrification equal and opposite charges are 
produced, — So far only the thing rubbed has been con- 
sidered ; the glass has been observed and the silk neglected ; 
the sealing wax attended to and the flannel disregarded. 
But careful experiment shows that not only is the rod elec- 
trified but the rubber also. The electrification of one is of 
the opposite kind to that of the other. While tlie sealing 
wax becomes negatively electrified the flannel is positively 
charged. If a body is rubbed and the rubbei* left in position, 
no trace of electrification can be observed. The charges are 
produced in quantities wliich balance one another. When 
the bodies are separated, however, each shows its appropriate 
kind of electrification. 

Electroscopes. — An electroscope is an instrument for detect- 
ing the presence of small quantities of electricity. The instrument 
can also be used to determine the kind of electrification. A 
suitably suspended ball of pith on a varnished glass leg, or on a 
stick of sealing wax, serves this purpose. Electrified bodies 
attract the ball. ^ When, however, the ball is itself charged, 
by touching an electrified body, it enables the observer to 
discriminate further. 

Bodies electrified in a similar way to the ball repel it ; 
all other bodies attract it» It must be noticed carefully 
that attraction does not tell whether a body is electrified or 
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not. The attracting body may either be charged with the 
opposite kind of electricity to the pith ball, or it may be 
uncharged. With another pitli ball charged ojjpositely to the 
body brought near to it, repulsion would be a sure test of 
electrification. “ * 

The gold leaf electroscope (Fig. 184) is much more convenient 
in use than the j)ith ball pattern. Two forms of gold leaf 
electroscope are shown in Figs. 184 and 
185, In Fig. 184 the metal wire, carry- 
ing the gold leaves at one end and a 
metal disc at the other, is au})ported in- 
side a glass tumbler in the manner the 
illustration makes clear. In Fig. 185 a 
bottle takes the place of the tund)ler and 
the metal wire passes thiough an india- 
rubber stopptjf in the neck of the bottle. 

Theapproacli <»f an electrified body is indi- 
cated by the diverg(*nce of the leaves of 
the electroscope. This form of electroscope 
can he cliarged by carryiiig to it small 
(piantities of electricity on a proof plane, 
that is, on a small metal disc fixed to a 
handle of varnished glass or sealing waxij^ 

Conductors and insulators.— The reasons for many pre- 
cautions, which it has been necessary to take, have not as yet 
been given. The varnished glass stand of the pith-ball electro- 
scoj)e, the ebonite support of the metal carrying the gold leaves 
of the gold leaf electroscope, and the varnished glass handle of 
the proof plane, are all provided for a definite reason. When 
the cap of a charged electroscope is touched by the hand or 
a metal rod, its cliarge* disappears. Recharged and touched by 
a rod of glass, ebonite, or sealing wax, it is undisturbed ; its 
charge remains. 

The metal rod and the hand conduct the electric charge away. 
Along the glass, ebonite, or sealing wax, the electric charge 
cannot escape. Substances which allow electrifcity to pass along 
them are called conductors ; ebonite and similar substances which 
prevent its flow, are called insulators. Consequently, to pre- 
serve an electric charge it must be separated from the earth 
by an insulator. 



Fig. 184. 
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71. ELECTRIC INDUCTION AND STORAGE. 


i. Induction. — Cause a charged rod to approach towards the disc of 
an electroscope (Fig. 185). Notice the divergence of the leaves. 

‘ Still holding the rod in the same 

position, touch the cap of the electro- 
scope. The leaves completely collapse. 
Remove, first the finger from the disc 
of the electroscope, and second, the 
rod from the neighbourhood of the 
electroscope. The leaves again di- 
verge and remain divergent. Test 
the electrification of the leaves and 
convince yourself that the charge is 
of the opjjosite kind to that on the 
rod. 

Draw a series of diagrams showing 
the condition of electrification of the 
rod and parts of the electroscope 
during each of the stages of this 
experiment. 



Flo. 166.— Charging a gold leaf 
electroacoi>ti by induction. 


Bound 




Electric Induction.— When a 
body, charged el ect r i cal 1 y , is brou gh t 
neai' an insulated cylinder, which is connected by a wire to 
an electroscoj)e, the leaves diverge. On removing the wire 
with an insulator the leaves remain divergent, that is, they 
have received an electric charge. 

If the charged body is now taken 
away the insulated cylinder, as 
well as the electroscope, is found 
to be charged. The charge on the 
cylinder is of the opposite kind 
to that originally used, while 
that of the electroscope is of the 
same kind. The mere nearness 
of the rod has caused a separ- 
ation in the cylinder of positive 
and negative electricity. This influence is called electalc 
induction. « 

If two insulated metal balls be placed in contact and a 
positive charge brought near them (Fig. 186), each will, if the 
balls are separated while under the influence of the positive 
charge, be found to be electrified, the nearer ball with negative 


Fig. 186. 


^Free 


Bound and free electri|i 
charges. 
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electricity, and the more remote positively. Brought into con- 
tact again all electrification of the balls disappears, v 
The charges are not only opposite in kind but equal in 
amount. The action of the original charge, called the inducing 
oliarge, may be thought of as being the Reparation of the 
electricities, attracting near to it and holding fast the opposite 
kind while repelling the like kind of eleotricity. 

The charging of a gold leaf electrovscope by induction affords 
a good example of what happens. When a negatively charged 
rod is brought near the disc (Fig. 185) induction takes place, 
positive electricity is drawn to the disc, while negative electricity 
is repelled to the leaves. The leaves, thus similarly charged, 
repel onq another (Fig. 185), On now touching the disc with 
the hand all signs of electrification disappear and the leaves 
collapse. If now the hand is taken away and the charged rod 
removed, then the leaves once more diverge, this time with a 
positive charge. The repelled negative electricity was alone free 
to escape, the positive charge being held tightly bound by the 
attraction of the negative charge of the rod. On removing the 
rod the positive cliarge became fi’ee also, spread to the leaves 
and caused them to repel each other. The electroscope is now 
charged by induction. The two kinds of electricity separated 
by an inducing charge are spoken of as bound and free, from 
their behaviour while under the influence of the charge. 


CHIEF POINTS OF CHAPTER XVIII. 

Production of electrification. — Many substances when rubbed with 
suitable material are able to attract light bodies — they become 
electrified. * 

. l^ectrification ia of two kinds, vitreous and resinous, or better, 
positive and negative. These two kinds are always produced 
together in equal quantity. 

Attraction and repulsion. — Bodies charged with the same kind of 
electricity repel one another, those charged with opposite kinds, 
attract one another. > 

Induction. — When a charged body is brought near an insulated 
conductor, the conductor is found to be charged ; the near side of 
the conductor having an opposite charge to that of the body, while 
the far side is similarly charged. The similar repelled charge is 
said to be /ree, while the opposite attracted charge is hom4* 
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EXERCISES ON CHAPTER XVIII. 

1. How would you prove that an electrified body is attracted by 
an unelec tri bed IxKly ? 

2. How would you jirove to a class that there are two kinds of 

electricity ? * 

3. How would yo\i prove that glass and silk when rubbed 
together are ecpially and oppositely cliarged ? 

4. Having given a gold It'af (dectroscope and a piece of ebonite 
and cat's skin, what experiments would you maki* to determine 
whether tlie electrical chargt* on a given cliarged insulated body 
was positive or negative? 

5. How would you show that a brass rod is capable of being elec- 
trified ? Explain why on rubliing a brass rod and a glass rod tlu^ 
latter only ordinarily appears to Ik; electrified by the fricticm. 

6. The caps of two gold -leaf tdectroscojics .1 and B are coniua tixl 
by a long wire, and a positively (‘barged sphere is Virought near A. 
What will be the indications of the electroscopes, and how will they 
alter if either A or B is touched ? 

7. Explain what is meant by electrostatic induction. 

Two small light pith palls are in contact, and are supported by 
separate threacls. A charged glass rod is brouglit in the ntnghbour- 
hood of the balls. What will happen {a) wlien the tlin'ads are wet 
and conducting, (/>) wlien they are dry and insulating? 



CHAITER XIX. 

VOLTAIC ELECTllICITY. 

72. THE ELECTRIC CURRENT. 

i. Fimdameiital experiments. — (a) Prepare some dilute sulphuric 
acid containing one part of strong acid to eight parts of water. 
First measure out the water into a large lieaker, and then gently 
pour the measun'd quantiiy of strong acid into the water, keeping 
the latter briskly stirred with a glass stirring rod. Notice the 
large amount of heat gimiu-ated and set the mixture on one side 
to COf»l. 

(6) Plunge a atrip of commercial zinc into a beaker of cold dilute 
sulphuric acid pn^pared as in the last experiment. Notice the brisk 
evolution of gas which takes place. 

j(r) Repeat the last exercise substituting first a rod of pure zinc 
and then a strip of copper. Observe that there is no chemical action 
in either case. 

(d) Place the rod of pure zinc and the strip of copper into the dilute 
acid, taking care that the two metals do not touch one another. No 
gas is given off from either metal. 

Now tilt the pieces of metal towards one another until they touch 
outside the liquid. Observe that bubbles of gas appear on the copper 
plate. 

ii. Amalgramated zinc. — Prepare a plate of amalgamated zinc by 
dipping a plate of ordinary commercial zinc into dilute sulphuric acia, 
and, after it has been acted upon for a minute or two, rubbing some 
mcjroury completely over its surface with a piece of cloth. Repeat 
Expt,72 i. (c), and observe that amalgamated zinc behaves just like 
pure zinc. 

lit Magnetic action of electric current. — (a) Into some dilute 
sulphuric acid contained in a beaker plunge a plate of amalgamated 
zinc and one of copper, to each of which a copper Wire is attached 
by a suitable binding screw. Procure an ordinary compass 
needle, and bring this up and try to arrange matters so that the 
wire in connection with the copper and zinc plates is parallel to 
the magnet and in the same vertical plane. Notice the defleoticti 
of the magnet. 
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(6) Wind a cotton -covered wire which is connected with the 
copper and zinc plates round a piece of galvanized iron, as in 
Fig. 187. Notice that the piece of iron will attract iron filings. 





Fiq. 187.— To illustrate Exercise 72 iii. (6). 


iv. PolarisatioiL — Repeat Eiq)t. 72 iii. (a), and notice that after a 
time the force which the wire exerts over the njagnetic needle 
becomes feebler. Rub the copper plate with a piece of wood until 
all the bubbles of gas which had collected have disappeared, and 
notice that the power of the wire to deflect the magnetic needle is 
regained. 

The simple cell. — When a piece of commercial zinc is placed 
in dilute sulphuric acid, bubbles of gas escape from the liquid. 
This is an example of chemical action. The zinc ceases to exist 
as zinc, while a new substance, the gas hydrogen, makes its 
appearance (Chap. XXV.). A rod of copper, or rods of pure, or 
amalgamated, zinc are unaffected by weak sulphuric acid ; con- 
sequently, on placing copper and zinc rods in the acid, without 
bringing them into contact, no effect is observed ; when the 
metals are made to touch — either inside or outside the liquid — 
bubbles of the gas hydrogen are rapidly given off from the 
copper plate. This connection of the metals, theiefore, seems 
to be an essential condition of activity in the cell. It is not 
necessary aKJtually to make the metal plates touch. If they are 
connected by toeans of a wire outside the liquid the same effect 
takes place. 

If now a small magnetic needle is brought near this wire, the 
wire is found to have acquired a new power. The needle is dis- 
turbed as though in the presence of another magnet. Similarly, 
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if the wire is wound round a piece of soft iron, such as a strip 
of galvanised iron, and its ends kept in contact with the metals, 
the soft iron becomes a magnet under the influence of the 
wire connecting the copper and zinc plates.^ The wire is 
now said to have a current of electricity, or an electric current, 
passing along it. The electric current flows, outside the liquid, 
from the copper to the zinc. The part of the copper plate 
outside the liquid, and with which the zinc plate is connected, 
is referred to as the positive pole, and the part of tlie zinc plate, 
with which connection is made, is termed the negrative pole. 
This apparatus for producing an electric current is known a.s a 
simple voltaic cell. 

Polarisation. — The electric current in the wire is neither 
permanent nor constant ; it wanes and finally ceases. Simul- 
taneously, the action in the liquid is found to have ceased, and 
on examination the copper is found to be covered with adhering 
bubbles of gas. On brushing off these bubbles, the chemical 
action in the cell recommences, and an electric current again flows 
through the wire, which regains its power of influencing a neigh- 
bouring magnet. The accumulation of gas on the copper plate 
appears to choke the cell. This effect is called polarisation. A 
cell so impeded by the products of its own activity is said to be 
polarised. 

The simple voltaic cell, on account of the defect of polarisation, 
is not of practical importance. The cells in common use get rid 
of the obstructing gas either by mechanical or chemical means. 
In cells depending on the first method the negative plate is 
roughened, thus facilitating the escape of the gas. Those in 
which chemical means are used are of many types. 


73. TYPES OF VOLTAIC CELLS. 

1. X>aniell*s cell. — Examine the parts of a Daniell cell. Conneot 
covered copper wires to the binding screws — one connected with 
the outer copper vessel, the other with the rod of zinc. To charge 
the cell proceed as follows : Fill the inner vessel with dilute 
sulphuric acid, and then three parts fill the outer vessel with copper 
sulphate solution. 

ii. Bozusen’s cell. — Examine a Bunsen cell. Fit up and charge it, 
and, in the same way as before, satisfy yourself that an electric 
current is circulating. Also notice that a small spark occurs when 
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the ends of the two wires from the carbon and zinc poles are 
brought together and separated suddenly. 


Danielles cell. — In most of the cells in which polar isation 
is prevented by chemical means, there are two vessels one 
placed inside the other. The inner one is made of porous 
earthenware which permits a slow passage through it of the 
liquids on either side of it. In Daniell’s cell the outer vessel is 
of copper and serves as the copper plate. This outer vessel 
contains a solution of copper sulphate (blue vitriol), the strength 
of wliich is maintained by placing some crystals of tlie same 
substance on a tray, which extends round the top ^f th^ inside 
of the copper vessel (Fig. 188). The inner porous pot contains 



dilute sulphuric acid into which dips a rod of amalgamated 
zinc. In this cell the hydrogen, which would otherwise be 
deposited on the copper vessel, as in Expt. 72 i. ((i), acts on the 
copper sulphate and converts it into sulphuric acid, while the 
copper from the blue vitriol is harmlessly deposited on the 
copper vessel. ® 

Bunsen’s and Grove’s cells. — The only difference between 
these two kinds of voltaic cells is that, whereas, in the former 
a piece of hard carbon replaces the copper plate, in the latter 
there is a plate of platinum. Owing to the cheapness of the 
carbon, Bunsen’s cell is the more commonly used. 

In Bunsen’s cell tlier^ are two separate vessels ; the 
inner smaller one alone 7s porous and is filled with stroim 
nitric acid, into which the piece of carbon dips. The outer 
vessel contains dilute sulphuric acid, and in it is placed a zinc 
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plate, which is usually made cylindrical in shape. Tlie arrange- 
ment of the parts is easily understood by a reference to Fig. 189. 

The hydrogen-destroying agent in both these cells is nitric 
acid. As soon as liydrogen is formed, instead of adheiing to the 
platinum or carbon plate, it reacts with the^nitric acid, giving 
rise to poisonous red fumes which escape into the air. 


74. MAGNETIC ACTION OF ELECTEIC CURRENTS. 

i. Magnetic field due to a current.— (a) Arrange the wire, which 
in Expt. 72 iii. (a) connects the plates of the voltaic cell, in a 
vertical position. Hold a 
ooTiipass needle at the side 
of the wir(^ and then pro- 
ceed to move it slomly 
round tlio wire. Change 
the connections of the 
wire witli the battery and 
try again. Ih . ord your 
observations. The needle 
always tends to set itself 
at right angles to the line 
joining its centre to the 
nearest part of t^ie wire. 

(6) It a very strong 
current — say that from 
six quart Bunsen cells — 
is available, perform the 
following experiment : Be- 
fore connecting the vertical 
wire in the last experi- 
ment with the poles of the battery, thread on it a fairly large piece 
of cardboard through V^diich a hole has been punched. Connect up 
the batt(*ry. Fix card horizontally by means of a wooden 
universal joint, and s])rinkle iron filings upon it. Gently tap tlie 
card and observe and .skr tcii the arrangement of the filings in the 
neighbourhoexi of the wire (Fig. 190). 

ii. An electro-magnet. — Bind covered copper wire around a 
horse-shoe, or a fl -shaped piece of soft iron, so as to make an 
electro-magnet having opposite poles at the two endslpBlg. 192). 

Magnetic field due to a current.-- Magnet^placed in the 
neighbourhood of an electric current are ini^uenced by it. 
Electric currents are surrounded by magnetic fields. The 
strength of sucli a magnetic field is found to depend on the 
strength of the electric current, and the direction of the lines 
of force to depend on the direction of the electric eurient. If a 



Flo. 190.— Map of the magnetic field peri>en- 
dicular to a wire ^onveying a current. 
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small pivoted magnet is moved in the vicinity of a vertical wire 
along which an electric current is flowing, it>vill be noticed that 

the needle always tends 

C to set itself at right 

angles to the line joiii- 
\p Or ing its centre to the 

r ‘ r nearest part of the ’ 

shown already that a 
small magnet in a mag- 
I \ V V V V V V V V V V V V VV netic field al ways takes 

Fiq. i9i,wAn electro-magnet. up a definite position 

along a line of force. 
Expt. 74 i. (b) shows that around a wire carrying a current the 
lines of force are concentric circles with the wire as the centre 
of the circles. By passing the 
vertical wire through a hori- ' > 

zontal card on which are 
sprinkled iron filings, the 
structure of the field of force 
is clearly seen when the card 
is tapped (Fig. 190), A north 
pole introduced into such a 
magnetic field would circle 
continually round the wire 
carrying the electric current. 

Electro-magnets. — A coil 
of wire conveying a current 
can act like a magnet. On 
placing an iron core inside 
the coil, its magnetic strength 
is greatly increased. For the 
time being the iron becomes 
a magnet, and the magnetic 
power of the COmbinatiOB 192,- a liorse-shoe electro-magnet, 

exceeds very hiuch that of 

the current alone. Such a combination is called an electro- 
magrnet (Fig. 191). When the iron core is bout into the 
form of a horse-shoe, we have the horse-shoe electro-magnet 
(Fig. 192). In winding this form of magnet, care must be 


Fin. 192,- A liorse-slioe electro-magnet. 
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taken that the ends of the horse-shoe are of opposite polarity. 
For lifting purposes the horse-shoe form of magnet is very 
effective. 

By employing very soft iron, wrapping m«my turns of wire 
round the iron, and passing a strong c'iirrent through the 
coil of wire, an electro- magnet of enormous power may be 
constructed. 


75. GALVANOMETEES. 

i. Direction in wMcn a magnetic needle is deflected lay tlie electric 
current. — [a) Using whichever kind of cell is most convenient, proceed 
to study the actn^n of an electric current upon a compass needle 
placed in the magni;tic meridian. Stretch a pjpoe of covered copper 
wire, about a yard long, between tw'o universal joints, and arrange 
it in the magnetic meridian. Name one end A the other B. To 
each end of this wire attach binding screws of 
the pattern shown in Fig. 193. Put an ordinary 
compass needh* unde7' the wire and let the 
needle come to rest ; it will of course, in the 
circumstances, be parallel to the wire. Connect 
the wires from a single voltaic cell with the 193 binding 
binding sere#N attached to the wire A B. Notice screw. 

ai|d record the direction ui which the marked 

of the magnetic needle is deflected. Disconnect the wires from 
the battery, and reverse the connection with wire AB. Observe 
that the marked end of the needle is now deflected in the opposite 
direction. 

{b) Repeat the exercise, this time arranging the magnetic needle 
above the support. Notice and rt'cord the way in which the needle 
is deflected. Connect the wires in the second way described in the 
last experiment, and again observe and record the direction in which 
the needle is deflected. 

Make a table of the results. 



DlRECmONT INT WHICH 


Direction of Deflection 

Current flows along 

Position of Needle. 

of marked end 01* Needle 

WIRE AB. 


VIEWED FROM ABOVE. 




Example— 

Prom A to B 

hdow 

. to l^ft 


(c) Place the compass needle in the magnetic meridian as before^ 
and connect the terminals of the voltaic cell with the copper wire 
AB, Observe and record the direction in which the north end of the 
i. 9 
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needle move?? for the four following eases with the wn're ^4 i? vertical : 
(i. ) near north end and ciiiTent running down, (n.) near north end 
and current rurming up, (iii.) near south end and current running 

chi'vvn, (iv.) near south end 
and current ruiming up. 
Henieniber tliat the euri*ent 
flows from the carbon or 
co[)])(‘r outside the cell. 

ii. Principle of the galva- 
nometer. — Support the coin- 
pa.ss needle on a juecci of 
cardboard, held horizontally 
in a (‘lamp ; now bend the 
wire AH so that the needle 
can be arrangfd in the loop 
of wire formed (Fig. 194). 

Fiq. 19i.— Principle of the galvanometer. Arrarigi* the loop of wire and 

yie needle in the magnetic 
meridian, pass the electric current, and notice th\i amount of 
deflection of the needle. 

(e) Now coil the wire so that there are tw’o lengths above* and 
below the needle, and repeat the previous expennumt. The deflec 
tion of the needle is greater than before. This experiment illustrates 
the principle of construction of the (/al ratio meJer. 

Ampere’s rule. — It is often desirable to know in what direc- 
tion to expect l!We deflection of a magnet which is being influenced 
by an electric current pass- 
ing along a wire ; or, from 
the magnetos movement to 
determine the direction of 
flow of the electric current. 

By placing a wire carrying 
an electric current in various 
positions near a suspended 
compass needle, a simple re- 
lation is discovered between 
the direction of movement 
of the marked pole and 
the direction of the current. Tlie statement of it is known as 
Ampere’s rule. Qne of the most convenient ways of expressing 
the rule is to say : If the fingers of the right hand are made to 
point along the direction of the current when the palm of the 
hand faces the magnet pole, the outstretched thumb will 
indicate the direction in which the marked or north pole tends 
to move (Fig. 195), 



Fi(i. 195.-- Ampere’s rule. 
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Galvanometers. — To detect an electric current, use is made of 
the fact that it can deflect a magnetic needle in its immediate 
neighbourhood. When the direction of the deflection can be 
observed easily, and the amount of such* deflection bears a 
definite relation to the strength of the electric current causing 
it, the instrument is called a galvanome'^er. Fig. 196 represents 
a simple type of such instrument. On applying Ampere’s rule 
to each part of each turn of the wire it is found that in a 
galvanometer the tendency is everywhere to move the magnet 
yMile in the same direction. The effects, too, are added together 
in the instrument so that even a weak current may make itself 
apparent. With the same current, the deflection shown by the 
galvanometer is greater as the number of turns of wire is 



Fio. n\>.— A simple 'I’lie short compass neodlc has a ligMi 

pointer tixed at right angles to it. 

increased. To use the instrument it is so arranged that the 
electric current, the direction and strength of which it is 
desired to measure, passes through the coil of wire round the 
needle. The current enters by one terminal, flows round the 
coil, and leaves by the pther terminal. The coil itself is always 
kept in the magnetic meridian parallel^o the direction of the 
undisturbed needle. On the [lassage ofthe current the needle is 
turned out of its normal pitsit ion. Fcdiu the magnitude of the 
angle of deflection of the needle the strength of the current can 
be calculated, if certain facts al)out tln^ in.strui>ient are known. 

If the magnetic force tending to hold the needle in the mag- 
netic meridian is increased, a stronger electric current will l)e 
required to jjroduce the sanu' deileetion of the needle as l)efor(\ 
The galvanometer, in otlier words, will have become less sensi- 
tive. This state of atfairs is sometimes required. The eartlds 


276 


LESSONS IN SCIENCE 


magnetic field can be aided, in such circumstances, by placing a 
bar-magnet in the magnetic meridian, witli its marked or North 
pole pointing North, so that the South end attracts the North 

pole of the galvanometer needle. 
The galvanometer needle under the 
influence of this combined field is 
less easily deflected, and is suited 
now to respond to currents of 
increased strength. 

If the galvanometer coil is used 
in an East and West position the 
passage of a current will pi'obably 
leave the magnetic needle undis- 
turbed. The newly created mag- 
netic field due to the current will, 
in this case, either be in the same 
direction as that of the earth, or 
exactly opposed to it. If the first 
state of afhiirs holds good, the 
magnet is simply confirmed in its 
normal position, while if the second 
set of conditions obtain, the needle 
may swing lourid completely, so 
that its marked end now points 
south. 

The mirror galvanometer,— 

When an instrument is required 
to detect very weak currents or 
f'urrents of short duration, a 
mirror galvanometer is employed. 
The principle of this instrument is 
tin .vune as that of the simple gal- 
Fig. i97.-Amiri'urgaIvanoraeter. vanoiiieter. It owes its great sen- 
sitiveness to a number of different 
causes. The sm.;ll magnet or magnets, are attached to a tiny 
mirror, and aie delicately hung by a silk fibre in the centre of 
a large coil of many turns of wire. The mirror is made to 
reflect the image of a wire on to a horizontal scale, and any 
disturbance of the needle causes a magnified movement of the 
ita^ge of the wire on a scale fp. 2161 The image of the wire 
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can be adjusted, and tlie sensitiveneHs of the instrument 
altered, by means of a directing magnet sliding in a vertical 
rod (Fig. 197). 


76. ELECTRICAL RESISTANCE. 

© 

1. Electrical resistance, — Connect one pole of a Bunsen's cell 
with one ot the binding screws of a gaUTinonieter. Join llu* other 
binding serc'W of tlu' galvanometer and tlie f>ther ])()le of the battery 
witli a yard of fin(‘ (b‘rman-silver wire. Notice the ainoiiiit of 
deflection of the pointer. Substitute a yard of thinner (lermaU' 
silver wire for the first piece, and again notice the deflection. It 
will be much less Similarly compare the electrical resistances of 
pieces of thick and thin copper wire. 

ii. Heat produced by the current. —-Connect the jioles of a strong 
Imttery U) the (aids of a .shoit tine platinum vviie. The jilatinum 
rapidly becomes red hot. If silvei wne of the same* diameter be 
substituUMl for tlu' platinum the beat notieial is practically nothing. 

Difference of potential or electro -motive force.— A wire 
connecting thr* poles of a Hunsen or other cell is said to have an 
electric current flowing along it. The use of such words as 
“how” and “current” will probably suggest previous facts 
which the student has learnt. It lias been seen that a flow of 
heat takes place fiorn a body of high temperature to one of low 
temperature when the bodies are ]jlaced in contact, and that 
such flow continues until both bodies are of the same tempera- 
ture. Similarly, there is a flow of wa(^r from one vessel to 
another, wdien they are connected, if the level of the water in 
one vessel is higher tlian in the other. Hence we are face 
to face with the question, Wliat^' difference is there between 
the poles of a cell which causes the condition of things called 
the electric current ? The name given to the diflerence of 
condition in the platos of the battery which corresponds to 
temperature and water-level is difference of potential. The 
electric current continues to flow along the copper wire until 
the potential of the two plates becomes the same ; then the 
current ceases. 

There is another way of regarding the flojv of electricity. It 
has been seen that mattei' reipnres a force to move it or to 
change its motion. It is customai’y also to speak of the forCO 
which causes the flow of electricity. Regarding the cause ‘pf 
the electric current as a force, it is generally spoken of as 
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electro-motive force — that is, the force wliich tends to cause 
a movement of electricity. Tlie cjuise of the electric current 
is then spoken of either as a difference of potential or as an 
electro-motive force, often written E.M.F, 

Forces of two k'lids have now been mentioned, and these 
should he carefully (bstinguislied ; one is a mat t('i -moving or 
matter- motive force, the other is an electricity-moving or 
electro-motive force. 

If several different voltaic cells are made in succession to 
send a current through the same galvanometer, the amount 
of current sent will vary in each case. Each cell urges the 
current in a different degree. The cells differ in electro-motive 
force. 

Cause of the electric current. — The difference of potential 
between the poles of a battery which causes the flow of elec- 
tricity is maintained by the solution of the zinc in the acid. 
Or, expressed in terms of energy, the work of maintaining 
the current is performed by the solution of tlie zinc. This 
is similar to the maintenance of the work done by a steam- 
engine by the burning of the coal in the furnace. It is for 
this reason that the zinc decreases in weight after the electric 
current has flowed for some time along the wires joining the 
poles of a voltaic cell. 

Electrical resistance. — Not only does electricity, like matter, 
require a force to move it, but its motion, like that of matter, 
may be impeded and stopped. Bodies which allow electricity 
to flow along them are called conductors (p. 263). Sub- 
stances differ greatly in their capacity to conduct (jlectricity. 
All conductors, however, offer some resistance to the passage 
of an electric current. If two perfectly similar cells are used to 
send electric currents through wires of tl^.e same substance and 
length, but of different diameters, the current through the 
thicker wire will be the greater. The thinner wire offers a 
greater resistance. With the same E.M.F. a weaker current 
flows through a long wire than through a short one. There is a 
good analogy betv^een the flow of electricity along conductors 
and the flow of liquids through tubes. With the same pressure 
urging it, water flows in greater quantity through a wide 
tube than through a narrow, and the resistance to its flow is 
less in a short than in a long one. 
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Different substances resist the passage of an electric current 
in different degi’ees. Throiigli some, the electro-motive force 
can barely force the current at all, while through others it Hows 
with considerable strength. 

Hcferi-ing again to the analogy of the ])aj)sage of an electric 
cm rent through a wire and the flow of Ijquids through tubes, 
tile substanci' of liigh lesistance would be represented by a 
tube coiroded and choked with dii t, while the good conductor 
coiaesponds to a clean tube ])ermitfing an uninterrujited flow of 
lujuid. 

Heating of wire by the electric current.— The quantity of 
hi'at jiroduced in the wiie depends iqion the lesistance of the 
wore, the strength of the cuneiit and iqion the time dining 
whicli tlie current jiasses. Tlie quantity of heat iiroduced in 
a wire may be measured by twisting it into a spiral and placing 
it in a test tube containing a known weight of water and a 
theniKuneter. 

A very familiar instance of the heat jiroduced by a ciirrent is 
the glow lamp, tln^ carbon of whidi offers very considerable 
resistance and consequently becomes red hot. 

CHIEF POINTS OF CHAPTER XIX. 

The simple cell. — When plates of eopper and zinc, immersed in 
dilute sulphuric acid, are connected outside the liquid by a wire, 
hul)l)les {)( hydrogen ai e giv<‘ii off at the eopper plate and the wire 
acijuires tlu' iiropert}^ of influencing a magnetic needle. 

Atter use, tlu' aecumulatioii of gas on the eopper plate causes 
polarimiioit and stops the current. 

In Daiiieirs, (4r(>ve's, and Bunsen’s cells this defect is remedied. 

A coil of wire conveying a current is found to act in every 
essential like a magnet. 

The electro-magnet. — When a coil of wire convening a current 
is supplied with a soft iron core its magnetic power is greatly 
strengtht'ued. Such a eomhmation i.s called an electro mafpief, 
Ekictro-magnets are of varied shapes : bar, horse-shoe, or closed 
nng. 

A galvanometer is an instrument for detecting and measuring an 
ele(!trie current. 

Difference of potential causes the flow of the electric current 
through conductors. It is produced in voltaic cells hy electro- 
motive force (often abbreviated E.M.F.). 

The electrical resistance of a substance is its property of hindering 
the flow of electricity through it. 
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EXERCISES ON CHAPTER XIX. 

1. Explain the cause of Polarimtion^ and describe the chief 
methods of preventing it. 

2. Two compass .needles arc arranged near each other so that both 
point along the same sitraight line. A wire connecting the platinum 
and zinc ends of the battery is stretched vertically half-way between 
the needles. How will t/he current in the wire affect the needles, 
and how will the result depend upon whether the platinum terminal 
is connected with the upper or lower end of the wire respectively? 

3. What are the materials used in the construction of a Daniell 
cell ? and what chemical changes occur in the cell when in action ? 

4. A plate of pure zinc, and a plate of copper, are dipped into 
dilute sulphuric acid, and then connected by copper wire. What 
changes take place in the plates, wire, and acid, when the circuit is 
compete ? 

5. When a galvanic cell, consisting of zinc and copper plates 
immersed in dilute sulphuric acid, has its terminals joined by a 
wire, the E, M. F. rapidly decreases. How do you account for this ? 
Describe a cell designed to prevent this decrease in E.M.F., and 
explain how it acts. 

6. A long straight wire is stretched on a table in the direction of 
the magnetic meridian, and a dip circle, with its plane parallel to 
the magnetic meridian, is placed on tlie table near to the wire and 
on the west side of it. Will the dip of the needle be altered when 
an electric current is passed along the wire from south to north, 
and, if so, how ? Give reasons. 

7. A straight horizontal wire is placed near and parallel to a com- 
pass needle, and in the same horizontal plane with it. If a current 
IS then passed through the wire, what effect is produced on the 
needle, and what occurs if the wire is (i.) slightly raised, (ii.) 
slightly lowered ? 

8. Describe a simple experiment by which it may be proved that 
a long wire has electrical resistance. 



CHAPTER XX. 


CHEMICAL CHANGE INDUCED BY THE 
ELECTRIC CURRENT. 

77. ELECTROLYSIS. 

i. The passage of the electric current through liquids. —Fit up a 
BunRen’s cell for the generation of an electric current. Attach 
pieces of platinum foil, by means of suitable binding screws, to the 
ends of two copper wires. Attach one of these wires to one pole 
of the battery. Connect the other pole to one of the binding screws 
of a simple galvanoscope, and to the other screw of the galvanoscope 
attach the remaining wire with the platinum plate on the end (see 
Fig. 199). Dip the platinum plates — Ist, into some mercury, and 
notice there is a great deflection of the needle of the galvanoscope 
and no alteration of the mercury ; 2nd, into some turpentine, and 
notice there is no deflection of the needle ; 3rd, into some acidulated 
water, and notice there is a smaller deflection than in the first case, 
and at the same time there are bubbles of gas given off from both 
platinum plates. 

ii Electirolysis of copper Bulphate.~(a) Make a strong solution 
of copper sulphate (blue vitriol) in water. Pour some into a 
beaker. Dip two platinum plates connected by copper wires, as 
previously described, into the solution and notice that after a few 
minutes a deposit of copper is found on the kathode^ or plate 
connected with the negative pole, and that bubbles of gas (which if 
collected and tested are f(?und to be oxygen) are seen to rise 
from the anode, or plate connected with the positive pole. 

(b) Arrange the apparatus as described in Experiment 77 i, sub- 
stituting copper plates for the platinum ones there used, and weigh 
the copper electrodes before passing the current. After the current 
has passed for, say, ten minutes, break the circuit and weigh the 
electrodes again. Notice the anode has lost in weight by a certain 
amount, and that the kathode has increased in weight by the same 
amount. There is no evolution of oxygen. 

There is a continual withdrawal of metallic copper from the 
solution by the passage of the electric current, and the liquid is 

f radually converted into sulphuric acid. This can be demonstrated 
y its effect on a piece of blue litmus paper. 

281 
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The passage of the electric current through liquids.— 
1st Case. Passage of the current through mercury.— Tlie student 
will learn shortly that mercury is one of the chemical elements, 
and that it is so regarded because it can be decomposed 
neither by the passage of an electric current nor by any 
other known methods. The great detlection of the needle of 
the galvaiioscope re vocals* the fact that a c«)nsiderable cuirent 
passes through its coil of wire, hence w^e say that mercury is 
a good conductor of the ehvtric current, or expressing the 
same truth in other words, that it otfers very little resistance to 
the flow of the current. 

Similarly, it would be found tlmt other metals, when in the 
liquid condition, which they can assume if the temperature is 
raised sufficiently, are also good conductors of the electric 
curreut. 

2nd Case. Passage of the current through turpentine. — There 
is in this case no deflection of the needle of the galvanoscope ; 
it is therefore evident tliat no cunent passes through the coil 
of wire round the needle, and since the battery is arranged 
j)recisely as in the expei-iment witli the mercury, the explana- 
tion must be that the turpentine prevents the flow of tlie 
electric current round the circuit. Turpentine is consequently 
known as a non-conductor, a class of bodies which also includes 
such liquids as petroleum and other oils. 

3rd Case. Passage of the current through acidulated water. — 
Here we have the current conducted and the liquid decomjxised 
by the passage of the current. This is the condition of things 
in all liquid compounds which conduct the electric current. 
Such a decomposition as this is known as electrolysis, and we 
shall have to study this case more fully. 

‘ Electrolysis of '\iitter. — Pure wat^u'ps a very bad conductor 
of the electric current, and heiuje it is necessaiy to add a drop 
or two of acid to make it conduct. To understand exactly the 
result of the passage of the electric current, some means must 
be devised by which the gases which appear at the platinum 
plates can be collected. Such an arrangement constitutes what 
is known as a voltameter. A convenient pattern to use for the 
decomposition of water consists (Fig. 198) of a glass vessel in 
the bottom of which are fixed two slips of platinum connected, 
by means of copper wires, with two binding screws. Before 
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connecting the binding screws with the poles of a battery, 
acidulated water is poured into the vessel, and two glass tubes 
of exactly equal size and carefully divided into equal volumes 
by divisions etched on the glass, are completely filled with 
acidulated water and inverted ovei* the plaJinum plates, as 
shown in the illustration. When the bindi?ig sciews are con- 
nected with the poles of a baftery, con8if|ting of two o? three 
Bunsen’s cells, bubbles of gas i.ce seen immediately to appear on 
ftie/platinum plates, and in a few minutes it will be observed 
hat a quantity of gas has collected in each tube. If w® 



Fkj. 198.— Electrolysis of water. 


allow the electric current to pass round the ciicuit for 15 
or 20 minutes and then measure the volume of the gas 
which has collected in each tube, it will be found that the 
t^be over the platinum plate which is connected with the zinc 
q)^le of the battery cont^iris twice as much gas as that over 
the plate connected with the carbon pole. Moreover, if the 
bottom of the tube containing the larger amount of gas be 
covered with the thumb and the tube be lifted out of the 
liquid, inverted, and a light applied to the gas, it will be 
found to burn, showing it to be hydrogen <JChap. XXV). 
Similarly, if a glowing splinter of wood be plunged into the 
other gas it will be rekindled, showing it to be oxygen. Hence 
^e see that the passage of a sufficiently strong elecrric current 
Ihrough water causes it to be decomposed into hydrogen and 
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oxygen, and that twice as much hydrogen by volume as oxygen 
is formed. Or, 

Water decomposed by thel Hydrogen Oxygen 

\ electric current into / [2 vols.] [1 voL] 

Terms used in describing electrolysis.— It is customary in 
speaking of the decompositions effected by the electric current 
to use certain terms originally adopted by Faraday. The liquid 
which conducts the electric currept, and is itself decomposed, is 


known as the electrolyte ; the platinum plates in the voltameter 


described, or, generally jjjpeaking, the ends of the wires coming 


from the poles of the battery, arfe called electrodes. Names are. 



Fio. 199.— Current passing through galvanoscope and an electrolyte. 


given to each of these to distinguish them. That by means ^f 
which the current enters the electrolyte, or what is the sanib 
thing, the electrode in connection with the carbon pole of a 
Bunsen’s battery, or the positive ( + ) pole of any battery, is 
called the anode. The electrode by means of which the electric 
current leaves the electrolyte or that in connection with the 
zinc or negative ( - ) pole of the battery, is called the kathode. 
The atoms into which the molecules of the electrolyte are 
decomposed are referred to as Ions. Evidently the ions are 
invisible during their passage through the electroly;|»p^ Those 
ions which collect at the anode are spoken of as anions, those 
collecting at the kathode are called kathions. It will be clear to 
the reader that the direction in which the kathions move through 
the liquid is that which we have spoken of as the direction of the 
current, namely, from the anode to the kathode (Fig. 199). 


CHIEF POINTS OF CHAPTER XX. 


285 


CHIEF POINTS OF CHAPTER XX. 


The g’alyanoBCope is a convenient apparatus for recognizing the 
passage of an electric current. # 

The passage of the electric current through liquids. — 

{a) Liquid metals conduct the current without being decomposed. 
{h) Certain liquids, like turpentine, will n(#t conduct the electric 
current and are consequently not decomposed by it. 

(c) Compound liquids, which, like acidulated water, conduct the 
electric curient, are decomposed by its passage. 

Electrolysis is the term used to refer to condition (c) above. It 
rn^gws the process by which electric currents pass through compound 
licjrols and so cause them to be decomposed. The liquid which 
conducts tlic electric cui’rent and is itself decomposed is known as 
the electroljrte. 

1'he ends of the wires coming from the poles of the battery are 
called electrodes, that by which fhe current enters the electrolyte 
is known as the anode, that by which it leaves the kathode. 

The atoms into which the electrolyte is decomposed al% called ions. 
The ions which collect at the aiickle are the anions ; those which 
collect at the kathode the kathions. 


Electrolysis of water. — 

Wa'pitw decomposed by thel Hydrogkn 
electric current into j [2 vols.] 


OXYOEN 
[1 vol. 


QUESTIONS ON CHAPTER XX. 

* Describe fully what takes place when each of the followiiig 
ids is included in a circuit round which a string el«etric cur4kt 
is circulating : — 

(a) Liquid mercury. 

(6) Petroleum. 

(c) Acidulated water. 

2. What moans would yog adopt to recognise the passage of an 
electric current through a "wire? 

3. What do you understand by electrolysis ? Give an account of 
the electrolysis of water. 

4. Explain the terms ; — electrolyte, anode, kathode, ion. 

5. What happens precisely when an electric current is passed 
through a solution of copper sulphate in water ? 
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78. CO ORDINATES. LOCI. 

i. Plotting’ points. — (a) Transfer the points a, />, c, e from 
Fig. 200 to squared paper. Take t^o dark lines as the axes ox, oy, 

and use the sides of the small 
squares as the unit of length. 
The lines ox and oy are called 
the axes of x aiul of y respec- 
tively. The distance of a point 
from the line oy is called its 
ab^cifisa and the distance from 
ox is called its ordinafe. Head 
off the abscissae and oi’dinates of 
each point thus : 

AbHciasa. Ordinate. 

a 2 0 

h - . 5 8 


• U/ - ■■ ^ 

Fig. 200 . — For Bxpt. 78 . i. a. e - - 1 7 6 

(h) Use two of the thick lines on a shaet of squared paper as axes ; 
take the side of a small square as the unit of length. Mark the 
positions of the following points. 



Abscissa. 

Ordinate. 


Abscissa. 

Ordinate. 

(1) 

8 

4 

(fl) 

16 

8 

(2) 

10 

5 

(B) 

18 

9 

(3) 

V? 

6 

(7) 

20 

10 

(4) 

14 

7 

(8) 

22 

11 


ii notting lod — (a) As before, take two dark lines on the 
squared nAper at right angles to one another to represent the axes 
of X and y, Mark in succession the points having both their 
abscissae and ordinates equal to 1, 2, 3; 4, 5, etc., and join these 
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IK)mts by a line OP (Fig. 201 ). Tlie line OP is called the Iocuh of 
all iioints which liave their abscissae and ordinates otiual. 

{h) Find the loeu.s of all 
pointH the abHcissae and or- 
dinates of which, added 
togethi*!’, always eciiial 12 
units of length. 1 ake a suc- 
cession of values for the; 
abscissa and calculate tlie 
corresponding value of the 
ordinate, thus : 

Abscissa Ordinate. 


(1) 

1 

12 

1 - 

11 

(•i) 

*2 

12 - 

2:. 

10 

(3) 

3 

12 

3^ 

9 

(4) 

4 

12 

4:= 

8 

(•">) 

f) 

12 - 

5 -- 

7 

(0) 

(> 

12- 

(> ^ 

(i 

(7) 

7 

12- 

y — 

5 

(8) 

8 

12- 

8 - 

4 

(9) 

9 

12 

9-=: 

3 

(I'l) 

10 

12 

lOrr 

2 



- Locus of points with equal abscissae 
and ordinates. 


riot those points on scjuared jiapi'r as l>efon‘ (Fig. 202). 

(r) F’ind the locus of the jioints tlu' abscissae and ordinates of 
which when multiplied together equal 24. Take, as before, a 



Fio. 202.— Locus determined in Expt. 78. ii. b, 

succession of values for the abscissae, and calculate the values of 
the ordinates, thus, 1-24, 2-12, 3-8, etc. Find by plotting on 
squared paper the locus of these points. 
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Co-ordinates. — Suppose it was necessiiry for some reason to 
define exactly the position of any letter on this page of print ; 
the first letter 5 , for example, in the ninth line fioin the 
bottom. How could we do it ? 

One way would be to count the number of lines from the 
bottom line of print, and the number of letters along the line 
itself from the outside edge of the print. This would I’eally 
amount to measuring two lengths at right angles to one another. 
The two lines at right angles from which the measurements are 
made being the bottom line of print and the outside margin of 
the lines of print. 

Any two such lines at right angles, fi'oni which measurements 
of this kind are made, ai*e known as the axes, the horizontal line 
being generally called the axis of x, and the vertical line the 
axis of y. The point where the axes intersect is called the 
origin. Distances along the axis of x are abscissae (singulai*, 
abscissa), distances along the axis of // are (jailed ordinates. The 
abscissa and ordinate of a point are together spoken of as the 
co-ordinates of the point. 

Meaning of loci. — Notice in Experiment 78 i. (b) that every . 
abscissa is twice the coi'i'esponding ordinate. Obseiwe that if you 
join the points (1) and (2) with a straight line, this will, if con- 
tinued, pass through each of the other six points. Similarly, the 
line continued would pass through all points the abscissa of which 
was twice the corresponding ordinate. This is expressed by 
saying that the straight line you have drawn is the locus of 
all points the abscissae of which are twice the ordinates. 
Similarly, the locus of points having their abscissae and 
ordinates equal is also a straight line. 

The locus of points which all satisfy some given condition is 
not necessarily a straight line. 



GRAPHIC REPRESENTATION 


289 


79. SYMBOLIC REPRESENTATION OF A LOCUS. 
GRAPHIC DIAGRAMS. 

1. The equation of a curve. — {a) In the equation = find the 
values of x which correspond to y~\^ y~% etc. Take the values 
of X as ab.scissae and those of y as ordinates ^nd plot the locus of 
the equation, that is, find the curve whujli joins the points thus 
obtained. 

(ft) Find equations which will represent the lines AB^ CD, in 
Fig. 203. 

(c) Obtain the locus of tlie equation x-\- ?/=:30. 

Find where the curve x-y = 2 cuts the axes. 


y 


y 


c 

A a 





D 

oc ^ 

X 


Fig. 208. 


ii. Representation of* varying quantities. — Construct graphic 
diagrams for the following cases, tlie number of passengers or of 
the population being taken as ordinates placed at convenient and 
equal distances apart. 

{a) The number of 3rd class passengers by a certain popular train 
throughout a week ; 


PasBcngers. 

Monday, - - 250 

Tuesday, - - 215 

Wednesday, - - 190 


Passengers. 

Thursday, - - 220 

Friday, - - 185 

Satuiday, - - 235 


(ft) The approximate p^pfllation of Blackburn at the census of the 
following years is given in tlie table. As in previous exercises plot 
these numbers on squared paper. Join the points so obtained, and 
from the resulting locus read off what you would expect the popula- 
tion to be m 1840, 1856, 1866, 1876, and 1896. 


Year. 

Population. 

Year. 

• Population. 

1841 

.36,600 

1871 

76,300 

1851 

46,500 

1881 

104,000 

1861 

63,100 

1891 

120,100 


L.S. I. T 
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(c) Repeat the preceding exercise, using the populations of the 
parish of St. Mary, Newington, Ltaulon, S.E. 


Year. 

Population. 

Year. 

Population. 

1841 

54,7(X) 

1871 

88,900 

1851 

64|80() 

1881 

107,800 

1861 

82,200 

i 

1891 

115,700 


Symbolic representation of a locus.— Instead of giving 
different values for the abscissae of jjoints as we ^lave done 
in the previous exercises, a general ex})i'ession may be used for 
them all, such as.r. That is, let . 2 ; stand for tlie distance from the 
axis of y measured along or parallel to the axis of x. How shall 
we represent each of the loci we have plotted ? Let y stand for 
the distance of any point on the locus from the axis of x measured 
along or parallel to the axis of y. We proceed as follows : 

To find the locus of points the abscissae of which are twice 
the ordinates. The abscissiie are represtmted by .r, the ordinates 
by y. By the terms of the problem x is always twice as great 
as y^ or, x~^y^ is an equation which stands for the line plotted 
in Experiment 78 i. {h). . 

To find the locus of all points the abscissae and ordinates 
of which are equal. Here, as the student will at once see from 
Fig. 201, the equation is x^y. 

The equation of the curve obtained in Experiment 78 ii. (c) is 
.ry=24. Notice carefully the kind of curve which coriesponds 
to this equation. 

Graphic diagrams.— Newspaper records of thermometer and 
barometer readings are often made .on ruled paj^er, the actual 
mode depending upon the particular newspaper. In every case 
the changes of reading from day to day are shown by a wavy 
line joining the tops of ordinates placed at equal distances 
apart. This mode of exhibiting a valuable quantity has certain 
advantages over a list of figures. The steepness of the line 
joining two ordinates indicates very clearly the rate at which 
the values change. The graphic method of exhibiting the 
results of experiments is of frequent use in the laboratory. 

Instances in which it is employed with advantage are the 
results obtained by stretching a piece of india-rubber or an 
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elastic spring, bending a lath, in experiments with levers, or 
on fluid pressure, etc. 

Graphic representation of a series of results will enable us 
sometimes to discover a law, or will frequently show whether a 
supposed law accurately represents the fa-^ts of an experiment. 
Thus, if the results obtained in Experiments i. and ii. on Boyle’s 
Law (p. 1 14) be plotted, a smooth curve Hh shown in Fig. 204 will 
be obtained. The points in Fig. 204 correspond to the following 
results : 


Phrsbukkb 
( in cm. of Mercury). 

VOI.UMEH 
(ill C.C. ). 

Preskiuks 

(in cm. of Mercury), 

Volumes 
( in C.C.). 

105 0 

7*7 

(>7*:^ 

12*0 

90*8 

8-8 

57 

15*9 

77*9 

10*2 




Plot your own values in this way. 

Join in tlie jioints so located on your squared paper with 
a fine pencil mark. If this continuous line does not form a 
simxttli curve, if, for instance, one point is a long way out, 
it will probably mean you have made a mistake in your reading 
of pressure or volume. If the fine pencil mark is only slightly 



Fig. 204. —Graphic repte^sentation of Boyle’# law. 

irregular, then the irregu lari tie^.^ show you the departure from 
strict accurac.y of whicli you have, been guilty in your experi- 
ments. In iliis case sketch in a snl^)oth curve wiiicli shall have 
as many of the ])oints on one side orjt as on the other.. Such a 
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curve represents the way in which pressure and volume vary 
together when the temperature remains constant. 

Moreover, since volume x pressure always gives the same 
product, we can sijy that the ec^uation 

p X r = some constant number 
represents the smooth curve w^e have obtained. 

Solubility Curves.- An interesting and important application 
of graphic representation is to show easily how the solubility of 
a solid in a liquid varies with the temperature. Thus, Fig. 205 
shows the number of grams of the three solids, nitre, common 
salt, and chlorate of potash, which will dissolve in 100 grams of 
water at different temperatures. The degrees on a Centigrade 
thermometer are marked along tlie bottom horizontal line, and 
the length of^the side of one sijuare repiesents live degrees. 



Fio. 205. — The number of grams of nitre, common salt, and chlorate 
of potash which can be dissolved in 100 grams of water at any tempera- 
ture from 0® to 100° C. is shown in this diagram. 

t 

The number of grams of solid which the 100 grams of water 
contain is read off from the scale on the left-hand of the 
diagram. The length of the side of one square represents five 
grams of dissolved solid. Thus, a reference to Fig. 205 shows 
100 grams of water dissolve at 0° C 12 J grams of nitre. 



GRAPHIC REPRESENTATION 


29S 


At 5° C. 100 grams of water dissolve 15 grams of nitre. 


10° c. 


yy 

20 

yy 

15° a 


yy 

25 

yy 

20° C. 


yy 

32 

yy 

25° C. 

n 

yy 

sn • 

yy 

30^ C. 

» 

yy 

45 • 

yy 

35° (t. 

yy 

yy 

5ft 

yy 

40° 0 

yy 

yy 

64 

yy 

45 ( ’ 

yy 

yy 

75 

yy 

50° ( \ 

yy 

yy 

871 

yy 

55° ( ^ 

yy 

yy 

100^ 

yy 


We eould read otl’ the amounts of common salt and chlorate 
of potash dissolved in 100 grams of water at diffei'ent tem- 
peratures in just the same manner. 

But when we liave seveial solubility curves together in this 
way, we can very easily conijiare the solubility of the different 
solids togetlier. We see, for instance, that the amount of nitre 
which will dissolve in PK) grams of water increases very rapidly 
as the temperature lises, as the steepness of this particular 
curve shows. The amount of common salt which 100 grams of 
water will dissolve increases very little as tlie temperature 
rises. The curve is almost a horizontal line, for while at O^C. 
about 3() grams are dissolved by 100 giums of water, at 100° C. 
the amount in solution is only 38 grams. 


CHIEF POINTS OF CHAPTER XXI. 

Co-ordinates. The position of a point on squared paper is fixed 
by its distances from thc^ co-ordinate axes. Distances measured 
along ox are represented by x and are called abscissae ; those 
measured along oy are represented by y and are called ordinates. 

The locus of a point is the curve which indicates the various 
positions of a point of which the abscissae and ordinates are related 
in some definite manner. 

The equation of a curve represents the fixed relationship betw^een 
the abscissae and the ordinates of all points in th^ curve. 

Graphic representation of var3ring quantities is employed to make 
clear the rate of rise or fall in the value of the quantities. 

Graphic diag^rams are used to exhibit the results of experiments 
in which two quantities are being compared. The form of the 
curve obtained indicates the relationship between the two quantitiea 
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The curve for reity^W on pressures and volumes of a 

certain quantity 6f . j*‘ at constant temperature indicates by its 
shape that jow = constant is the equation expressing the relationship 
stated in Boyle’s law. 


EXERCISES ON CHAPTER XXI. 

« 

1. Plot the curve of which the equation is .u + y-3. 

2. What lines are represented by the following equations? 

x=0. xy=12CKK 

x-hy = 5. x-^ = (l 

3. Suggest a use for the graphic representation of the experi- 
mental results from stretching a piece of india-rubber. 

4. What do you understand by the terms ^es of a:, co-ordinates, 
abscissa, locus, equation of a curve ? 

5. In comparing the readings of two thermometers what use 
could be made of squared pajicr ? 

6. With inches as ordinates and centirnetriNS as abscissae, construct 
a diagram to show the. ndation between inches and centimetres up 
to a length of 20 centimetres. 

7. Use the following numbers to construct a diagram showing the 
relation between lbs. and kilograms : 

lbs. kilos. lbs. kilos. 

2 0-9 6 2*7 

4 1*8 8 3*6 

8. Taking the value of a rupee to be 1.5 pence, construct a 
diagram to show the relationship between sjiillings and rupees. 




80. INTRODUCTORY. 

Physical and chemical changes. — Matter in subject to two 
kinds of change. Hitlierto we have been chiefly concerned 
with those wliich influence the properties of matter, leaving its 
composition unaltered. It has been seen that a body, such as a 
piece of iron, may gradually increase in temperature, changing 
frojii (;old iron to hot, and, becoming hotter and hotter, may 
change in colour, passing from a dull gray to red, and from 
red to almost white, becoming incandescent and emitting 
light rays. But if left to itself the iron will begin to cool, 
passing through the same changes in the reverse order until 
it imssumes precisely the former condition ; and in all these 
changes the weight of the iron remains unaltered. Or, again, 
we might tiike a piece of soft iron, and, having wound silk- 
covered copper wire round it several times, pass an electric 
current through the wire. It would be found, on examining 
the iron, that new pi'operties had been imparted to it, that it 
was now able to pick \^p •other pieces of iron, or had become 
magnetised. If the electric current be discontinued, the new 
power, too, disappears. Such changes as these, where the 
substance or composition of the body remains unchanged, are 
known as pliysical changes. On the other hand, if a piece of 
iron be left exposed to damp air for some hpurs it becomes 
covered with a reddish-brown powdei*, which the most superficial 
examination will show is a different substance from the iron 
which we started. There is a very large number of 
of the same kind as this continually taking place around 
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When gunpowder explodes, we have an abundance of smoke 
formed and a black residue left behind, and it is easy to see 
that the smoke and deposit are quite unlike the gunpowder 
before the flash. Such changes as these are called diemical 
changes. It is with changes of the second kind that Chemistry 
is concerned, and it may be defined thus : Chemistry is that 
branch of knowledge 'vyhich deals with chemical changes; those, 
namely, which result in the formation of new substances with 
new properties. 

Chemical elements. —The result of a large number of experi- 
ments made from time to time by different chemists has been 
to show that there are upwards of seventy different forms of 
matter which can by no known methods be broken up into 
anything simpler. By this is meant that if any one of these 
be selected and treated in any way with which chemists are 
familiar — for example, if it were subjected to a very high 
temperatui'c — it would be found impf>ssible to obtain anything 
having properties different from those of the substance itself ; 
bodies of this simple kind are called elements. 

But it must be borne in mind carefully that, as the methods 
which chemists adopt become more and mor e refined, it is quite 
likely that some of these may be found wrongly to be regarded 
as elements. Up to the^ time of Davy (1807) the substances 
soda, potash, and lime were regarded as elements. He found, 
however, that they could be split up into simpler constituents. 
From soda he obtained a soft metal, sodium, and two gases, 
oxygen and hydrogen, and from that time, of course, soda 
could not be regarded as an element. Similarly, if at any 
future time it should be found that any of the forms of matter 
which are called elements can be split up into siiiqfler bodies 
with different properties, the element which is thus decomposed 
will have to be struck off the list. 

Metals and non-metals. — A good many of the elementary 
substances are possessed of certain distinctive characters in 
which they resemble one another. They have a bright lustre, 
a high specific gravity (p. 62), are good conductors of heat and 
electricity, and are known to chemists as metals. There is 
ho difficulty in deciding in a large number of instances that the 
substances possess the characters of a metal, and the student 
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will inimediately think of gold, silver, coppeP, iron, etc. Other 
bodies, however, are quite as plainly not of this class ; they 
have no lustre, they are not heavy, nor do they conduct heat 
and electricity well. These are spoken of as non-metals, and 
phosphorus, sulphur, and carbon, will serve fis good instances. 
But there is no hard and fast line between the two classes, 
for- one or two substances possess scgne of the properties 
which distinguish a metal, and yet for other reasons, which 
the student will understand better later, are not classed with 
the metals, but with the non-metals. Arsenic may be cited 
as an instance of a substance which possesses projrerties common 
to both classes. 


81. SOLUTION. EVAPORATION. DISTILLATION. 

i Solution. — Place a piece of sugar in water, and note that it soon 
disappears, arrd gives a sweet taste to the whole of the water, so 
that the particles of the sugar must be spread through the entire 
mass of tlie water. 

il Saturated solution. — ^^T*igh out .50 grams each of the follc^wing 
substances : -finely powdered nrtre, sugar, salt ; to each add water, 
in small quantities, wrth vigorous shaking after each addition. 
Determine thus the quantity of water necessary to form a saturated 
solution of each. 

iii. Solution is a physical change. Evaporation. — Weigh out a 
(juantrty of salt in an evaporating basin and dissolve it in water. 
Ifeat gently over a Bunserl burner so that the water Iroils and 
evaporates away completely.^ Note that a white solid remains in 
the basin, and again weigh. Satisfy yourself that the weight is 
equal to the weight of the basin and salt before solution, and that 
the solid left is still salt. 

iv. Distillation. — An an-aijgement for condensing steam or vapour 
is shown in Fig. 206. The steam that is driven off from the water 
in the retort passes through a long tube kept cool by being 
surrounded with water, and is thus condensed. 

V. Evaporation of distilled and tap water.— Evaporate a little 
distilled water in a platinum or porcelain crucible. Notice the 
absence of any residue. Repeat the experiment with tap-water, 
and note the residue. 

Solution. — When sugar is placed in water it disappears, but 
it is not lost, for we can taste it in the water. It is said to^ 
have dissolved and formed a solution of sugar. Situili^^ly, a 
great number of substances can dissolve, or are solufeie, ;|||8 
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water, but not ali to the same <‘xtent, aiH.l when, at a ^iven 
temperature, no more of the suhstanee can )k^ (liss<)]\'e(l the 
solution is said to he saturated. 

By boiling away the water the substance dissoh e<] in it n ay 
l)e recovered witlidut loss. 

ITence, during sohitinn W(‘ have in general neelienjira I e1iang«‘. 
but nicrelj a eliange physical state, althengh we- shali liinl 
later that in certain cases solution may lu- a(*t'onipani<Ml bv 
ch em ical chan ges . 

Evaporation, — By very gently warming uatm nv (filter 
lipuid, or ev(.:n by allowing it t^> remain expefS(Hl t" tin' aii- 
for some time, tlie bjpiid passes oti as \’a[)onr with'Mit aeiMallv^ 
boiling. Rain dr(>|)S ofi wind<»w panes ors«»pa\ anient stones 
disap])ear by reason of this [)re*<-ess which is eaJhyl evaporatioxL 
Any dissolved sulistaiiee- remains iM^liind, foi niing a residue. 

Distillation. -“By the evaporation of tlie solvent, /.c. the 
liejuid in wliicb the solution takes ])laee, wi- I'an st'jiarale it 
from the dissolved snbstam'e, :i|id this ])roeess is fi'efjuentlv 
used not only for obtaining tlie (Ii.ssolved sulisUince, but also 



Fio.,206 . — diRtiUation nf water. 

. .. ' . . V 

foi the puriticatnon of liipiid from dissobi'd solid material^ 
since if tiui steam whicli is formed by boiling watej* contaiii^ 
ing any of tliese dissolved substances be condensed, tlie water 
formed is (|uite pure. To obtain pur-e water from any kinds 
of water, then, whether fresh or salt, all that his to be done 
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is to Ixjil it and coiiclnnse tlio stoain wliicli i>f given off. Tlu? 
dissolved liialorials am all left beliiiul in the vessel in which 
the boiling takes |)laet‘. 


82. FILTRATION, SUBLIMATIOIJ, HECANTATION. 



11 ton tlirr sonjr tin'i siind and s; 

with siiiliciont watnr t( 


t Filtration.— Mi 

the mix til r(^ jji a flass. 
tin' salt, . d .difd-;*- 
vigorously. 1 a c’ 
eular piiu/e ot fiher-fcipnr 
and fold it in tvM». in 
the torin of a s(*inieir(;l*‘, 
then again to the form 
of a (jiiadrant ; open out 
into t Ik/ foian of a liolli iw 
com/ and lit it into a 

f lass funiK'i (hig. ’JoT). 

Van' ttu! ii(jiiid thiougli 
t liis lill.i'r and not e t liat ■ 
iIh' solution of salt lains 
tlo'ough jM'fteetly elrar 
h/aving the insolultle 
sand in tlie papnr. 

iK’aporate otf^ie wati'r 
from the salt solution 
and olitaiu the salt. 

Snbliination. — Mix 
'■'•me saiui and a littlf 
■ I ! arninoniaeg {annnon 
luin eliloride) and heat 
tin* mixturt' strongly in 
a disli. IVdiite fumes 
will soon he noticed 
escaping, and if a dry 
Ixaiker he held in di 
downwards o\'er t he 
it will Ik* found' t fiat 
fumes eolidefisr %n , Uo 

glass as a wlult ..v\Ntler which consists oj 
driven from the n#xture the iKait. 


alt : p 1 aer 

» <lisSM|\r 


. I 'm ral lou. 

f llu' ammonium ehloril 


Filtration. — wiien a muddy liipiid, that is, a liquid eoutain- 
ing sriiiill solid particles floating in it, is poured •on tiller ])a|)er, 
a thin kind of blotting pa|)e.r, the solid particles lannain on tlu' 
paper while the clear liipiid }»asses t]u’oi|gh. This pi’oeess is 
called nitration and is tliat whieli is usimliy adopted in chemical 
o|>eration8 wliBii it is wished to seviarate insoluble siisjieiided 
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material from a liquid, either for the isolation of the solid 
or for the purification of the liquid. 

Decantation. — If a powder such as chalk be stirred up with 
water it may be sepai’ated from the water partially by allowing 
the mixture to stand and settle for a while. With care the 
clear liquid may be pouied or siphoned off from the sediment, 
and this process is known as decantation. It is impossible 
to remove the whole of the liquid in this way, so that filtration 
is the method usually employed. 

Sublimation. — Sometimes heat may be used to separate a 
mixture of solids one of which is di iven into vapour by the rise 
of temperature while the other remains unchanged. 

A substance which on being heated passes straight from the 
solid to the vaporous state, and vice versa on cooling is said to 
sublime. Examples of such substances are ammonia compounds, 
mercury chloride, etc. 


83. CEYSTALLISATION, PEECIPITATION. 

i. Solvent powers of hot and cold water.— Place a quantity of 
powdered nitre in water and allow it to stand for some time with 
frequent vigorous shaking, so that a cold saturated solution is 
formed. Now heat the solution and see whether more solid 
dissolves or not. 

Do the same experiment with other solids and satisfy yourself of 
the truth of the following statement, that in general hot water 
dissolves more of a solid than cold water, or in other words, that 
the solvent power of a liquid increases with rise in temperature. 

U. Making crystals.— Allow a hot saturated, or nearly saturated, 
solution of nitre obtained as above to cool slowly, and observe that 
the nitre separates out from the solution as clear glassy solids, 
which may be observed to increase ig size as the solution cools. 
Examine a few of these and see that they are bounded by plane 
surfaces. 

Repeat this experiment, using alum, potassium chlorate, blue 
vitriol, etc. Notice that each substance forms crystals of a special 
shape. 

ill Precipitation.— Dissolve some lead acetate in distilled water ; 
add to it a solution of salt. Observe the formation of a white 
powder in the previously clear liquid. 

Solvent Power of Hot and Cold Water.— Common experi- 
ence shows that as a rule a substance dissolves more readily in 
than in cold water. Not only does solution occur more 
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quickly but more of tbe substance dissolves ; that is, tbe 
solvent power of water rises with the temperature. 

Crys'tollisation. — A hot saturated solution contains more 
dissolved substance than a cold one : it follows, therefore, that 
when the hot solution is cooled, some of the dissolved substance 
se^mrates from the liquid. This it usually does in the form 
of crystals, and their formation is known ils crystallisation. 

Oiystalhsation usually occurs when a dissolved solid separates 
from its solution, either by cooling of the solution, or by the 
evaporation of the solvent ; and the slower the evaporation, or 
the more gradual the cooling, the largei* and more perfect are 
the crystals obtained. We shall also find later that crystals 
may be formed during the solidification of a melted solid, 
especially when it is allowed to cool and solidify slowly and 
undisturbed. 

Every substance capable of crystallising forms crystals of 
a definite shape. Thus, common salt crystals have the shape 
of cubes ^ alum that of octahedral each of which appears to be 
made from two equal square pyramids placed base to base. 
Other shapes are much more difficult to describe accurately, 
but we may say that crystals, in general, have shining faces 
and sharp edges. 

Precipitation. —Precipitation always happens if to a solution 
we add some material capable of converting the dissolved sub- 
stance into a new product which is insoluble in water, and 
therefore separates. If, for example, some common salt is 
added to solutions of lead acetate or of silver nitrate, a white 
powder forma in each case and falls to the bottom of tbe liquid. 
In the former case lead chloride, and in the latter silver 
chloride is formed, and b(^h these chlorides ar*e insoluble. 


84. MIXTURES AND COMPOUNDS. 

i. Separation of a mixture by solution.— (a) Mix some sai^ and 
salt together. Stir the mixture well witli cold, water and alK)w4iO 
stand. Pour off the clear solution which contains*most of the sal^."" 
Repeat the process till the solution over the sand no longer tastes 
of salt. The salt may bo obtained from the water by evaporation. 

(b) Mix together some copper filings and powdered sulphur, 
examine the result, which is a mixture of copper and sulphur, ? JbIPi 
that its colour lies between the yellow of sulphur and the 
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copper, and that* the particles are quite distinct. Wash a little in 
a gentle stream ot water, and observe that the sulphur is washed 
away more readily than the copper, leaving the latter as a residue. 
Shake up the mixture with a little of the liquid known as carbon 
disulphide, and ^ee that the sulphur dissolves but the copper is 
left ; pour off the solution and allow it to evaporate, and observe 
that the sulphur is ^ft. 

il Separation of solids by magnetism.— Mix some iron filings and 
some sulphur in a mortar, stirring with a pestle until the mixture is 
as complete as possible. Now hold a magnet close to the mixture 
and the filings will be drawn towards the surface of the mixture. 
By stirring the powder well with one end of the magnet it will lie 
found possible to remove the whole of the iron and the mixture will 
lose its grey colour and become yellow. 

iiL Formation of a compound. — Now again mix some copper filings 
and powdered sulphur m a porcelain crucible, using a weighed 
quantity of copper, and heat either in the open air or in a draught 
cupboard. Observe that the sulphur melts and some burns away. 
Add more sulphur, and again heat until no more sulphur burns away, 
and do this three or four times. Weigh the product so obtained, and 
then examine it carefully. Try to separate the sulphur and copper 
by washing, and try to dissolve the sulphur out by carbon disulphide. 
You will now find that you cannot separate the two components, 
neither can you distinguish the individual particles. The substance 
formed is a compound of copper and sulphur, so that during the 
heating a change has taken place, with the formation of a new 
substance with properties of its own. This is an example of a 
chemical change — the result of chemical action. Tlie new substance 
IS a chemical compound. If you have taken the weight carefully 
you will have found also that 100 parts of copper form, roughly, 
125 parts of the compound, that is, unite with 25 of sulphur, 
and the result does not depend on the actual weight of copper and 
sulphur used, all excess of sulphur over this being always burnt 
away. 

Mixtures and Compounds. — When two substances are 
simply placed together so that we can distinguish each 
component or separate them agaito by some simple process 
in which one is removed and the other left, the substances 
are said to form a mixture. Sand and salt may be thus mixed, 
in any proportion, and they may be easily separated by 
dissolving the salt in water. Iron and suljihur when mixed 
can be separated by using a magnet to draw out the particles of 
iron. Mixtures of liquids, for example spirits and water, may 
be made and again separated by distillation. Mixtures of gases 
may be separated by solution. 

When two substances are mixed and so treated, by heating or 
otherwise, that we can no longer easily distinguish or separate 
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them, and the new substance has properties* unlike those of 
either, a chemical compound is formed and the substances are 
said to have combined. Very many exps'^.riments have shown 
that compounds are formed in fixed propoitions only. One sub- 
stance will combine with another always in the same proportion 
no matter how much of either is used in the experiment. We 
thus find tlie following differences betw^^en a mixture and a 
compound : 

Mixture.— In a mixture tlie components exist side by side 
and can be separated by smi])le mechanical methods. The 
ingredients may be present in any proportions, and the 
properties of the mixtuie are intermediate between those of 
the constituents. 

Compound.— In a compound the components cannot be 
separated by the simple means available in the case of 
mixtures. The jiroperties of the compound are (}uite different 
from those of the constituents, and these constituents are 
ahvays ])resent in certain dehnite proportions which for each 
compound are invariable. 

In all cases of chemical action it is most important to 
remember that the total weight remains absolutely unchanged, 
that is, the total w'eight of all the products is exactly equal to 
the total weight of all the components forming these products. 


85. CHEMICAL DECOMPOSITION AND 
COMBINATION. 

t Chemical Decomposition, (a) Heat some red oxide of mercury in 
a test tube. The powder will be found to darken in colour and a 
thin gray him oonsisting#oi mercury drops of minute size will be 
noticed to form on the cooler part of the tul)e. At the same time 
a gjis (oxygen) escapes from the oxide and will re kindle a smoulder- 
ing cedar wood splint held in the mouth of the tube. The powder 
has decomposed into mercury and oxygen. 

(h) Sodium (see caution on p. 334), dropped into water causes the 
production of bubbles of hydrogen gas due to the Recomposition of 
the water. 

(c) Heat some crystals of potassium chlorate in a test tube and 
notice the escape of oxygen by using a smouldering spfint m 
in Expt. 85 i. ' ^ . 

{d) Heat some lead nitrate crystals in a test tube. 
coloured fumes escape and yellow oxide of lead remains. 
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ii. Chemical combinatioiL — (a) A caudle burning in air disappears. 
The constituents of the candle wick and wax combine with a portion 
of the air to form new compounds of gaseous nature. 

(b) Sulphur burning in air forms a gas having a v^ery strong smell. 
This gas is produced by the sulphur combining with a portion of 
the air. 

(c) Magnesium ribbon when heated bursts into flame. The metal 
disappears and in its stead there is found a white powder, formed 
partly of the metal and partly of the portion of air referred to 
m Expts. (i) and (ii). 

{d) A few drops of water falling on some fresh quicklime giv^ '‘le 
to much heat. This is explained as being due to the lime combui 
with the water. 

Chemical Decomposition, or the separation of a coinpound 
into elements or simpler substances, is illustrated in Experi- 
ments 85 i., (a), (h% (c), (d), which, liowever, cannot be fully 
understood at this stage of the subject. 

Chemical Combination is illustrated in the four experiments 
85 ii. (a), (6), (c), (d). We see permanent changes in appearance 
and in the general properties of the substances expeiiniented 
upon. In nearly all cases of combination heat is produced 
though not always sufficient in amount to cause flame. 


CHIEF POINTS OF CHAPTER XXII. 

PhyBioal cliaiiges are those in which the composition of the lx)dy 
experiencing the change remains unaltered. The science concerned 
with these changes is called Physics. 

Chexuical changes are those which result in the formation of new 
substances with new properties. The study of such changes is 
called Chemistry. 

Chemical elements are kinds of matter which can, by no known 
means, be broken up into anything ^impler. They can be sub- 
divided into metals and non-metals. o 

Chemical operations.— Solution is the process by which some 
substances, when placed in water or other liquids, disappear and 
their particles spread through the entire mass of the water or other 
liquid. 

When no more of the substance will diseoltfe the liquid is said to 
be saturated. Solution is generally a physical change and is 
unaccompanied 6y any change of weight. 

Distillation is the process by means of which we are able to 
separate the dissolved substance from the solution containing it. 
The Hquid itself is recovered by condensing the vapour. 

Filtmtion consists in utilising the porosity of unglazed paper or 
4i^er material for separating insoluble substances from solutions 
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with which they are mixed ; or, it is a means of purifying liquids 
and isolating solids. 

Crystallisation denotes the separation of a dissolved solid in 
masses having rc'gular shapes from a solution as the liquid evaporates 
or cools. The regular solids formed are called crystals. 

Precipitation means the formation and separation of an insoluble 
substance fnim a solution. 

Compounds and mixtures. — 


Substances 

1 

1 

Elements 

1 

Compounds, 

1 

Mixtures, 

1 

<‘lemeiits pre- 

constituents pre 

1 1 

sent in dt‘fiiiite 

sent in any 

Metals Non-metals 

proportions 

projiortion. 


In a mixture tlie components exist side b}^ side and can be 
separated by siriqile mechanical methods. The ingredients may 
be pi'csent in any proportum and the piopeities of the mixture are 
intermediate between those of the constituents. 

In a compound the components cannot be separated b}'' the simple 
means available in tlie case of mixtures because elu'mical combination 
has taken place. The j)ropertit‘s of the compound are quite ditl'erent 
from those of the constituents, and those constituents are always 
present in certain definite proportions which lor each compound are 
invariable. 


QUESTIONS ON CHAPTER XXII. 

1. How may muddy water he {a) made clear, {b) purified from 
dissolved material ? 

2. Explain the differences between a mixture and a compound. 

3. What do you mean by a “phj'sical ” and what by a “ chemical” 

change ? If a substance changes under the inffuence of heat, how 
would you endeavour to find out whether the change is chemical or 
merely physical ? ^ 

4. A mixture of salt and powdered glass is given to you. How 
could you (a) obtain separatt‘ly the two constituents, (h) find the 
quantity of each in the mixture ? Could you separate sugar from 
salt in the same way ? 

5. What do you mean by a saturated solution ? How would you 
prepare a saturated solution at a given temperature? What is 
generally the effect of cooling a saturated solution I 

6. A white pow^der is shaken up with water. How would you 
ascertain whether any of it dissolves ? 

7. What is meant by the statement that two liquids mix ? wive 
examples. Can a liquid be soluble in anoHier liquid without being 
capable of mixing ? If so, give an example. 

I- n 
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8. How may fresh water suitable for drinking be obtained from 

sea water ? • 

9. By what means would you endeavour to find the quantity of a 
given solid which a given quantity, say 1 gallon, of uater is capable 
of dissolving ? 

10. What IS meant by * ‘ precipitation ” ? In what circumstances 
may precipitates be formed in a liquid ? 

11. How would you Endeavour to obtain large crystals of alum ? 

12. Describe an experiment to show the solubility of ether in 
water. 

13. Sand and salt are stirred up in a bottle containing water in 
which some gas is dissolved. What methods would you use to 
recover the sand, salt, and gas from the water ? 

14. Give examples of the solvent power of water. How could 
you determine whether a sample of water contains dissolved solid 
matter ? 

15. Describe the apparatus you uoul^ employ to obtain water 
free from dissolved substances. 

16. State in general terms the diflerences observable between a 
mixture and a compound of any two substances. 

17. Explain the terms Mixture and Compound. How could you 
show that copper and .sulphur (or iron and sulphur) can exist 
together, either as a mixture or as a chemical compound? 



CHAPTER XXIII. 

BURNING AND RUSTING. 


86. RUSTING OF IRON. 

1. Increase of weight when magnesium is humt.— Weigh a 

crucible and its lid with a piecO* of magnesium, which, folded 

lightly, is placed in the crucible. Heat it strongly in a burner, 

taking care to let no fumes escapet^Fig. 208). To do this, keep on 

the lid, and only raise it a little 

when the flame is removed. The ■ ^ 

magnesium is seen to burn brightly 

in places, but if care is tiiken, no 

fumes arc lost. When finished, the 

mass should be in the form of a white m 11/ I 

powder. Allow to cool, and w^eigh aim 1 

the crucible with the lid and powder. a ‘ I m I 

Subtract the weight of the crucible m I I 1 

and lid to find the weight of the f f I- I 

powder. The powder will almost f ' ^ 

certainly be found to weigh more f „ .V.l 

than tlie original piece of metal. 

ii. Increase of weight when iron 
rusts. —Carefully weigh a watch- 2^,: ^ 

class with some iron filinffs or tacks „ ~ - 


class with some iron fi lines or tacks „ ~ / - 

lit. Because iron rustsyt when ^~-o^e7?r“^bL‘‘S‘a=‘r- 
damp, add a few drops of water to 

the iron in the watch-glass, and all^rit to stand for a day or two 
At the end of this time w'arm tire watch-glass gently, so as t<^ 
evaporate any water left. When the rusty iron is dry] weigh the 
watch-glass and its contents. 

Its weight will be found to be more after the rusting has taken 
place ; the iron in getting rusty has gained in weight. 

iii. Air absorbed during rusting. — Place some iron filings in a 
muslin bag, and tie tlie bag to a piece of glass rod. Moisten well, 
and place it in a bottle of air inverted ov<n- v\a((‘r. If necessary, 
put something on tlie l>ottle to keep it upright (Fig. 209). Examine 
after a few days. It will be seen that the water has risen in the 
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bottle, showing that part of the atmosphere has been abstracted 
by the iron in rusting. 

iv. Alteration of air when iron rusts in it. — Place a ground glass 
plate tightly under, the mouth of the jar so as to allow no water to 
escape ; set the jgr upright, and plunge a burning taper into it. 
Notice that the flame is extinguished ; do not throw away the water. 

it 

Effects of heating onetals in air. — Some of the effect^of heat 
upon substances have already been observed and described. It 
has been seen that, by heat, solids ma^Pbe melted into liquids, 
and liquids converted into vaj^ur^^ If a piece of platinum 

wire or platinum foil is held 
in the smokeless dame of 
a laboratory burner, it be- 
comes red-hot ; but when it 
is taken out of the flame it 
quickl y resumes its ordinary 
colour, and no change can 
be seen to have taken place. 
Substances like paper and 
wood when heated strongly 
ill air take fire and burn. 
Smoke is given off, and an 
ash remains. Metals like 
(*o|)per become covered witjh 
a film, or tarnish, when they 
iron fiiiiijTs on air. heated xn air. Lead 

when strongly heated melts 
and becomes covered with a scum on ^the surface. If the scum 
is removed the biught metal is seen shining below, but it also 
quickly dulls. ^ 

If metals are heated in closed tubeu without air they do not 
jhange in this way. It thus seems that the tarnish is due to the 
absorption of something from the air. But if something is taken 
from the air when a metal tarnishes, or wdien a metal like mag- 
nesium burns, the tarnished metal, or the ash of the magnesium, 
should weigh Inore than the original substance. Observations 
show that this is actually the case. As air seems responsible for 
the effects described, it is evidently well worth investigation. 

Chemical properties of air. — It is necessary carefully to 
consider the changes which different substances undergo when 
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exposed to the atmosphere. It is best to i)egin with those 
cases which appear to be simplest. Every one has noticed that 
when iron is exposed to damp air it becomes rusty. Does the 
iron lose or give up something when it rusts ? Or, does it, on 
the contrary, take up or gain something ? These questions can 
be best answered by properly arranged experiments. 

Iron gains in weight during rusting, r-lf a known weight of 
iron is allowed to rust by contact with damp air, it can be 
shown easily by weighing it after the rusting has taken place 
that It has increased in weight. The result of this experiment 
is very important. If the weighings are carefully made, the 
iron is always found to gain in weight when it rusts. The sub- 
stance causing the increase of weight, when damp iron filings 
rust, could come from the water, or moisture, or from the air. 
If the iron is allowed to rust in a closed space, and the 
experiment is so arranged that if anything is taken from 
the air the loss can be detected, it can be decided whether 
the air causes .the rusting., Fig. 209 shows a convenient way of 
doing this. Some iron filings are placed loosely in a muslin bag, 
and the bag is tied to a p^'ece of glass rod. The bag of filings is 
well moistened, and arranged in a bottle of air inverted over 
water in a basin, in the manner shown by tlie illustration. The 
apparatus is then left undisturbed for a day or two. When it 
is examined after this time, the water is seen to have risen in 
the bottle. Why is this ? It is quite clear that there is less air 
in the bottle now than there was befoi’e the iron became rusty. 
Some part of the air has, therefore, been used by the iron as it 
rusted, and this part of the air has joined with the iron to help 
to make the rust. 

Air as well as iron ui\fiergoes change.— When iron rusts, 
the change which it ham undergone is visible. No difference 
can, however, be seen between the character of the air left in a 
bottle in which iron has rusted and ordinary air. But there ^ia 
a great difference. A lighted taper is extinguished by the gas 
left in a bottle in which iron has rusted, hence the gas cannot be 
air, for in air a taper will burn quite easily. • But before the 
rusting of the iron took place in it, the air was ordinary air. 
Hence, it is clear that the rusting of the iron is acconip^ij[ied by 
a change in the character of the air in the bottle. It * 
able to suppose that the gas which disappears is eoiiCDin^f|k% 
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the formation of iron rust, and this will be shown later to be 
actually the case. When iron rusts, it takes out of the air that 
part of it which helps burning, and moreover, the iron and the 
part of the air concerned in burning combine together to form 
iron rust. The part of the air left in the bottle will not let 
things burn in it. It may therefore be stated that : Iron in 
rusting gains in weight, taking some material from the air, and this 
material is the part of the air which causes substances to bum in it. 


87. CHANGE CAUSED IN AIR BY RUSTING. 

i. Volume of air used up in rusting. —Measure in a graduated vessel 
the quantity of water in the bottle from Expt. 86 w. This is equal 
to the quantity of gas which has been used up and has joined with 
the iron. Also measure the quantity of water the bottle holds. 
This gives us the volume of air the l)ottle originally held. What 
fraction of the total volume of air enclosed has been used up ? 

ii. Change produced in air by iron rusting in it. — Kepoat the 
experiment of allowing iron to rust in an endosed volume of air. 
After the iron has been left for a day or two, and there is no 
further rise of the water, mark the level of the water in the jar by a 
narrow strip of gummed paper on the outside. Carefully introduce 
another muslin bag of iron which is not rusty. This can be done by 
using a large enough basin of water, and pushing the Jbag througn 
the water, oeing careful to allow no more air to get into the bottle. 
Examine the bottle after another day or two. There is no further 
rise in the level of the water, and the iron is not rusty. Evidently 
the gas which is left will not allow more iron to rust in it, thougn 
it is colourless and transparent, like ordinary air. 

What fraction of the air is taken by iron in rusting ?~~ 

Only a certain fraction of the enclosed air is taken up when 
iron rusts in it. Suppose some damp iron filings are allowed 
to rust in an enclosed amount of air, contained in a bottle 
inverted over a basin of water. The amount of water which 
rises into the bottle can be measured by means of a graduated 
vessel, A moment’s thought will tell you that, as this water 
gradually takes the place of the part of the air which the iron 
uses, its volume must be the same as the volume of the gas 
so taken out cf the air. The amount of water the bottle 
when full can be found easily, and the result shows 
volume of air in the bottle to begin with. If observations 
<yl|tlii8 kind are made, it will be found that, when the bottle is 
full, it has five times more water in it than it has after ithe iron 



BURNING AND RUSTING 311 

has rusted. Even if the experiment is repeited several times 
with bottles of different sizes, the result is always the same. It 
is always found that one-fifth of the volume of the enclosed air is 
used up by iron in rusting. 

Chemical composition of the air. —That pArt of the air which 
helps substances to burn, and is taken out €>f the air by iron in 
rusting, may be called the active part^of the air. That part 
which is left by the iron, and will not allow a taper or candle to 
burn in it, may be called the inactive part. The observations 
just described show that air is made up, or composed, of 1 volume 
of the active part to 4 volumes of the inactive part, in every 
5 volumes. In other words, in 100 pints of air there are 
20 pints which will unite with iron to make iron rust, or 
will assist a candle to burn, and 80 pints of the inactive part 
which will not assist burning. 

Other metals combine with the active part of air. —When 
copper is heated in air, it gradually blackens and increases in 
weight. When hot, copper has the power of combining with 



Pia. 210. — When air pas.scH over iiuL < ttppor, iL is deprived of its active part, 
and the inactive part may be collected as shown. 


the active part of the air in just the same way as the iron does 
gradually when cold, and it is reasonable to gonciiide that the 
black substance formed is copper rust, though it is not generally 
known by that name. I 

That copper only combines with the actiw part, and leaves 
the inactive part, can be shown by a suitable experiment, though 
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not so easily as in the case of iron. Some copper turnings are 
placed in a hard glass tube like that shown in Fig. 210, one end of 
which is connected with an aspirator full of air, and the other 
by means of a well-fitting cork with a tube which dips under 
water in a trough.' Then a bottleful of water is inv^erted in the 
trough of water exactly over the end of the small tube, which 
dips into it, and is connected with the hard glass tube contain- 
ing the copper. The copper is heated strongl y, and air is forced 
^over it by making water take the place of the air in the aspi- 
rator. As the air passes over the heated copper, the active part 
of the air joins with the copper to form the black (*opper rust, 
and the inactive part yiasses on alone into the inverted bottle in 
the trough. That the inactive part collects in the bottle is 
indicated, though not proved, by the fact that it puts out the 
flame of a taper. If this gas is, in the same way, passed over 
some more heated copper, it has no effect on it ; the copper does 
not blacken. Moreover, if the amount of air which has come out 
of'the aspirator is measured, and also the amount collected in 
the bottle, it is found that in passing over the copper the air 
loses one-fifth of its volume. 


88. BUENING OP PH0SPH0EU8. 

{Read the caution on p. 389.) 

i. The burning: of phosphorus. — Place a little phosphorus upon a 
slate, tile, or an old saucer. Apply a light to it. It catches fire 
and burns brightly. As it burns, dense white clouds are formed. 

ii. Volume of air used up when phosphorus bums.— Place a little 
red (or yellow) phosphorus in a test-tube fitted with a good cork. 
Fix the cork firmly in the test-tube. Hold the test-tube slantingly, 
by means of a test-tube holder, over a flftme for a second or two, so 
as to heat the phosphorus and make it burm When it will bum no 
longer, take away the test-tube and let it cooLfor five or ten 
minutes. 

Then hold the mouth of the test-tube well under water, and care- 
fully take out the cork. Water rises inside th^tube to take the 
place of the air used up. Notice that the ris^s practically one- 
fifth the volume ofiiair enclosed. 

Phosphorus readily bums in the air.—It is only necessary 
to touch, a piece of dry phosphorus with a hot wire to make it 
oa^ fire and burn. It burns with a dazzling bright flame, and 
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at the same time dense clouds of white fumes lire formed, which 
spread throughout the room. These facts are noticed until all 
the phosphorus has disappeared. 

What happens when phosphorus burns in this way ? Is the 
change anything like that wlien iron rusts ? Ddes the phosphorus 
gain or lose in weight ? These and several ftther questions pre- 
sent themselves, and they can be answered now. 

Changes produced in air by burning phosphorus.— To 
decide whether phosphonn in burning causes the .same change | 
in air as iron does when^* 
it rusts, it is best to burn 
some phosphorus in an 
enclosed amount of air in 
a way sirjiilar to that 
which has already been 
descril)ed for an experi- 
ment with damp iron. 

One way to do this is to 
place a little phosphorus 
on a cork or basin which 
floats on the surface of 
water, under a bell jar, 

or a stoppered bottle _ _ _ _ 

having no bottom. After ~ j 

the experiment is over, tb- phosphorurhas burned 

and the fumes have dis- , in the corked test-tube, the test-tube is uii- 
4.r : f corked under water, and water enters to take 

appeared, the water is the place of the air ised up. 

seen to have risen in th^ 

jar, indicating that there is less gas in the jar than before the 
phosphorus was burnt in it (Fig. 212). 

From what has been .previously said, it can be understood 
at once that phosphorus in burning takes out the active part 
of the air, and leaves the inactive part behind. So far, 
then, the changes which occur when phosphorus burns are like 
those when iron rusts. Some differences will be studied a 
little later. • 

The fraction of the air which disappears as a result of the 
burning of the phosphorus in a stoppered jar, can be measured 
easily enough after the jar has been raised a little, so that iti| 
mouth is still under water, but no longer rests on the bottom of 
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the basin. As in“the case of the rusting of iron, one-fift^fof the 
air is taken out of it by the phosphorus in burning. 

That the gas left behind is really the inactive part of air can 
be proved by quickly pulling out the stopper of a jar in which 
phosphorus has been burnt, and introducing a lighted taper. 
The haine is at oncd extinguished. 

Phosphorus slowljf takes out the active part of the air 
without being lighted. — It has been that iron slowly 

takes the active part of 
the air and combines 
with it to form rust. 
This happens without 
heating the iron. Will 
ordinary phosphorus do 
the same when it is not 
alight ? This question, 
too, is easily answered 
by a simple experiment. 
When a piece of clean 

Fiq. 212. — L*bt)s]/!jonis uses u]> one*fifhi of J^hosphorus is exposcd to 
the air in the bottle when it burns, and water ^ enclosed quantity of 
rises to take the place-, of the air used. C; . ^ 

air over water, the rapid 
changes just described take place slowly. The only difference 
in the two cases is the rate at which the active part of the 
air is taken out. Burning phosphorus combines with the 
active part very quickly ; cold phosphorus but slowly. * Still, 
given time enough, ordinary phosphorus will remove all the 
active part of air, and at the end of the experiment it will be 
found that again one- fifth of the air has disappeared. 



89. BUBNINQ OF A HANDLE. 

i. Moisture is formed when a candle burns. — Over a burning 
candle hold a clear cold tumbler, M^hich has been carefully dried 
inside and out. Notice that the inside of the tumbler becomes 
covered with mist, and, after a short time, drops of water are 
formed, which fun down the sides of the tumbler (Fig. 213). 

ii. Properties of the gas left after a candle has burnt in air. — 
Wind a piece of copper wire round a small candle and light 
the candle. Push the top of the wire through a small hole in 
a disc of cardboard, and then lower the candle into a dry, clear 
glass bottle in such a manner that the top of the jar is covered by 
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the cardboard disc ( Fig. 214). Observe that the Aflame of the candle 
becomes dimmer and dimmer, and soon goes out altogether. Water 
collects on the inside of the jar, as in the last experiment. Take 
out the candle, and cover the jar with a greased glass plate. 
Quickly insert a burning taper, or the re-lighted candle ; it is at 
once put out. Pour in a little fresh clear lime-Vater, and shake it 
up in the jar ; notice tliat it is turned milky. • 
iii. Volume of air used by a candle in burning. — Fix two or three 
small candles of different lengths upon theinsiae of the top of a tin 
canister (Fig. 215). Float the lid U|K)n i he sdrface of water in a basin, 
or sink it to the bottom of the basin, if the candles project well above 
the surface while it is in that position. Light the candles, and 



Fio. 21.'^.— To rIiow tho formation of Fig. 214.— Burning a candle in air in 
'moisture by the ijuriiing of a candle. a glass jar. 

while they are burning, hold over them a wide-mouthed bottle, so 
that the mouth of the is beneath the surface of the water. 

When the candles have gone <»i!it0aTid the air in the bottle has 
become cool again, mark the place to which the water has risen, by 
means of a strip of gummed paper. Take out the bottle and find 
the volume of water which just fills it. Find also the volume 
required to fill it to the edge of the gummed paper. Subtract this 
volume from the preceding one, and thus obtain the volume of 
air used. Notice that it is about one-fifth of ttie whole volume 
of air that was in the bottle. 

The burning of a candle. — Several facts have been learnt 
about the burning of phosphorus in air, and it will be desirable 
before proceeding farther to study the burning of some more 
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common combiLsiible substance, sucli, for instance, as a 
candle. 

In what respects is the burning of a candle similar to ITie 
burning of pliosphorus, and does it differ from it in any way ? 
It has been shown already (p. 315) that a candle will not con- 
tinue to burn very long in an enclosed quantity of air. Unless 
the air is renewed in some way, the candle goes out. Tins gives 
us a convenient startfng-point for the inquiry, Why does the 
candle go out, and what changes take place when the candle is 
burning ? 

Water is formed when a candle bums.— When a cle|br 
gl^s bottle, which haa^ been '>arefully dried inside and out, is 
held over a burning candle, it . is soon noticed that drops of 



i'K.. 1:1.0. - When \]w candhis hnrn, a certain tractioTi ot air is nst‘a nji, 
.and wafer rises into the invc’^ted bottle to take its place. . * 


liquid begin to collect on the inside of the bottle, and after a 
time they run down the sides.* In some way or other, then, the 
burning of a candle causes a^iquid to be proVluced. If a suffi- 
cient quantity of this liquid is collected, it can be proved to be 
water by tasting it, or by determining its density, or its boiling 
and freezing points. Water is the only liquid which boils at 
100° C. and freezes at 0° 0., and the density of which is 1. 

Another substance besides water is formed when a candle 
bums. — If a candle is burnt in a clear glass bottle in the way 
shown in Fig. 214, the gas which is left behind can easily be 
examined. Experiments wdth this gas show that, like the 
inactive part of the air, it will not allow things to burn in it. 
But besides this it is found that the gas turns lime-water milhf. 
The gas left after phosphorus has been burned in a similar jai’, 
has not this property of making lime-water milky ; it thus 
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appears that there is something else in the cylnder, besides the 
ii>aetive part of the air already described. Hence, when a 
candle burns, it not only forms water, but ako a colourless gas 
which tuins clear lime-water milky. Just ^ it is possible to 
show, by burning phosphorus in a jar inver^d oyer water, that 
phosphorus ta^es out the active part of th£^ air as it burns, so 
the same fact^can be made clear in the^case of a candle by a 
similar experiment. When this experiment is peitfornied, it is 
always found that at a certain stage the candle goes out. When 
this occurs, the water has risen and filled about one-fifth of the 
jar. This result has been noticed so often that there is good 
reason to believe that the candle is extuiguished because it has 
used up the active part of the air, which makes up one-fiftK of 
the whole. In fact this is true in all cases of burning in the air. 
It does not matter vfhat the substance which burns is like ; if 
it burns in air it does so because it takes out the active part to 
unite with it to form new substances, and the inactive part is 
always left behind. 

The structure of a candle flame.— With care it is possible 
to distinguisli four parts in a candle flame, (a) A dark inner 
cone surrounding the wick ^nsist-s of the gases distilled from 
the wax or wick, and we may 
examine the nature of these 
gases by holding one end^ of 
a glass “tube in the flame at 
this place and applying a 
light to the other end of the 
tube (Fig. 216). ' (b) Next 
outside this dark inner cone 
is. found the brightest part 
of the flame, consistijig* of 
anotlier cone, in which the 
gases from the wax and wick 
are partly buimt. This i.s 
tlie part of the flame from 
which soot is deposited when 
a cold object is placed in the 
flame, (c) Outside the brigh ' Fio. 2I6. -Structure of candle flame. 

cone is an almost colour|Bi!*^ ' envelope, in which tlie burning 
is completed. It can be seen by holding a card, cut in tlie 
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shape of the flaCne, before the lighted candle, (d) At the 
base of the flame is seen a small blue space in which there 
is complete combustion, and the colour is somewhat similar 
to that of a Bunsen burner, in which there is also complete 
combustion. ^ 

Other familiar cases of burning. — (handles are not now 

commonly used for lit^hting our houses. Sometimes lamps are 
employed, and in large rooms ordinary coal-gas is often the 
substance which is burnt. Is the burning of oil and gas like 
that which occurs when a candle is lighted, and if not, what 
are the diffei ences ? 

By holding a clear dry bottle over the flame of a burning 
candle it is seen that water is formed as the burning is con- 
tinued, because the vapour becomes condensed on the inside 
of the cold glass. In exactly the same way, it is found that 
water is formed when the flame is due to the bui*ning of either 
oil or gas. But when a candle is burnt, a gas which turns 
lime-water milky is formed 'as well as water. Is this gas also 
produced when oil and gas are burnt V If an oil lamp, or a 
gas jet, or a splinter of wood, is allowed to burn for a few 
minutes in a glass jar, and is then removed and tlie jar covci'ed 
with a glass plate, lime-water poured into the jar is turned 
milky. We piay consequently say that when a candle, a lamp, 
coal-gas and wood are burnt, two substances are formed, 
namely, water and an invisible gas which turns lime-water 
milky. 

To prove that nothing is lost when oil burns oi‘ a jet of 
coal-gas is lighted, an experiment must be made similar to 
that already described with a candle (p. 17). The mass of 
the oil or gas used up, would have to be determined and 
also the masses of the water and the otlier substances produced 
by the burning. When this is carefully done, and none of 
the products of combustion are allowed to escape, the total 
mass of the substances formed is found to be greater than 
that of the oil or gas burnt. In every case which chemists 
have examined, ^he same thing is proved to hold true. In 
no kind of chemical change is there any loss of matter. 
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CHIEF POINTS OP CHAPTER XXIII. 

Action of metals on air. —Metals increase in weight when they are 
tarnished by being heated in the air. Magnesium increases in 
weight when it bums in air. When iron riAts it increases in 
weight ; the increase is due to a gas taken *ut of the air by the 
iron as it rusts. The part of the air left behind as iron rusts will 
not allow a taper to burn in it. # 

Composition of the air. —Air contains two gases ; one is used up 
by iron in rusting, the other is left behind, and will not allow 
things to burn in it. 

Proportion of the two gaiies in air. — When an excess of iron rusts 
in an enclosed amount of air, it always takes up one-fifth of the 
volume of the air This part, which is also concerned in burning, 
may be called the actice part of air. The remaining four-fifths of the 
air, which will not allow things to burn in it, in ^\dlich iron will not 
rust, may be called the inactive part of the ai r 

The burning of phosphorus in air. —Phosphorus readily bums in 
the air ; in doing so it takes out the active part and coml)ines with 
it to form a snow-like powder. It can also slowly take out the 
active part of air without being lighted. When phosphorus is burnt 
in an enclosed volume of air, one-fifth of this air is used up, and 
four-fifths remain. 

The burning of a candle. — When a candle bums in air, water 
is formed, and also a gas which turns lime-water milky. As in 
other cases of burning, one-fifth of the air is used up by a candle in 
burning. 


EXERCISES ON CHAPTER XXIIL 

1. If the inside of a bottle had iron filings spread over it, and the 
bottle were corked up and left in a warm room for a few weeks, 
what would you expect to see if the cork were then withdrawn 
while the mouth of the bottle were held under water ? 

2. Explain the changes that would take place in the bottle 
mentioned in the previous cjfuestion. 

3. Half an ounce of magnesium is burnt in the air, and the ashes 
formed are carefully collected and weighed. Compare the weight of 
the ashes with that of the magnesium burnt, and explain the reason 
for the difference in the weights. 

4. Describe an experiment (making a drawing of the apparatus 

you would use) to show that air contains a gas in which a taper will 
not bum. * 

5. A piece of phosphorus is burnt in a stoppered bottle containing 
KX) 0 . 0 . of air. The stopper of the bottle is then taken out under 
water. How many cubic cms. of water enter the bottle. Wbat 
|Q.ots do you learn from this observation ? 
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6. Compare and ^ijontrast the rusting of iron and the slow burning 
of phosphorus. 

7. A piece of phosphorus is placed in a bottle, and the bottle is 

corked, suspended from one arm of a balance, and countei-poised. 
The phosphorus is then caused to burn by heating the bottle. Will 
the balance remain counterpoised after cooling? Give reasons for 
your answer. « 

8. A lighted candle is stood upright in water, and a bottle is 
placed over it, with neck under tlie surface of the water. 
Describe and account for what happens. 

9. If two bottles were given you, in one of which phosphorus had 
been burnt, and in the other a candle, how could you decide which 
bottle was used for the phosphorus ? 

10. Write a short essay on “ the burning of a candle,” 



CHAPTER XXIV. 

t 

NITROGEN AND OXYGEN AS CONSTITUENTS 
OF AIR. 


90. SEARCH FOR THE ACTIVE PART OF AIR. 



1. Cliangres produced by beating lead in air.— Heat a few pieces 
of clean lead in an open crucible (Fig, 

217). When the lead has melted, stir 
the liquid metal with a stout iron wire. 

Notice the formation of a powdery scum 
upon the lead. Observe that ^he colour 
of the powder is darker wheil hot. Let 
the crucible cool. Notice that it now 
contains a yellow powdery substance in 
addition to the unchanged lead. By 
strongly ht»ating this powder its colour 
changes again, arid it becomes red 
had. 



Fi(j.21S, - Wlion ri'd lend is liefited, a mhs is 
off vvbicb will ro-kiiidle a glowing splinter. 


Fig. 


217,— Heating lead ip 
contact with air. 


ii. Gas produced by 
beating red lead. — Place 
a little red lead in a 
hard glass tube, and 
strong W beat tlie tube 
as in Fig. 218. Notice 
that the red lead under- 
goes a change of colour. 
Into the tube insert a 
gU>wing splinter. Ob- 
serve that the splinter 
is re-kindled. Why is 
this ? 

iii. Change produced 
by heatang mercury rust. 

Ivepeat the pin'ceding' 
with sorn^^ 
red oxidt' of mercury," 
and not ii*e the formation 


pf tlie silvery, mirror-liko 


L S. I. 


X 
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deposit of merourjf", or quicksilver, round the cold upper part of the 
tube. Insert a glowing splinter of wood, and watch it re-kmdle. 

Where to look for the active part of air.— Since, in suit- 
able circumstances, iron, copper, and lead take the active part 
out of the air, and unite with it to form fresh substances, it 
should not be difficult to make these, or similar substances, give 
up the part of the aiij which they take up, and so procure the 
active constituent of air by itself in a pure form. But a little 
more thought suggests that probably some of these substances 
would do better than others. It is quite certain that some are 
formed more easily than others. Will those which are most 
easily formed be the best from which to get the active part? 
No. The reason is this. When a chemical change takes place 
easily, it generally means that the substances taking part in 
the change have, as it were, a great liking for one another, and 
when they combine together they form a compound which it is 
difficult to separate into its parts again. The easiest way to 
set to work is, therefor-e, first to find some substance wdiich 
only combines with the active part slowly and with difficulty, 
for the compound such a substance forms with the active part 
will most likely be a weak one, and easily broken up again. 

The compounds which lead forms with the active part 
of the air. — When lead is heated in contact with the air, a 
yellow powder which is much darker in colour when hot is 
formed. If the heating is continued long enough, all the metal 
is changed into powder. The change takes place fairly easily, 
so that from previous reasoning it may be concluded that it is 
probably difficult to get the active part of the air again from 
this powder. This is so. But it is found that, when some of 
the yellow powder is heated for a lopg time at the temperature 
at which lead melts, it slowly takes up* still more of the active 
part of the air, and changes in colour, becoming red. The first 
powder obtained, which is yellow, is in some states called 
lltUa^e ; the second red powder is known as red lead. It is 
easy to get the second lot of the active part of the air again 
from the red l^ad. A third powder of a black colour, and 
having less of the active part of air than either litharge or red 
lead, is also formed when lead is heated in air. 

How the active part of air is obtained from red lead.— 

When red lead is heated, it changes in colour, and if the heat 



323 


NITROGEN AND OXYGEN IN AIR 

has not been great, it regains its original^ red colour when 
allowed to cool. But if strongly heated, the red lead gives 
up some of the active part of the air which it contains, and 
is reconverted into litliarge. The amount of the active part 
of the air which it thus gives up on being heated is the second 
quantity referred to in the last paragraplT, which is taken up 
slowly when the heating of lead is continued for a long time. 
If red lead is strongly heated in a tube, as in Fig. 218, and a 
glowing splinter of wood is pushed down the tube, the splinter 
bursts into flame and continues to burn brightly. The active part 
of air has been obtained alone, and supports burning strongly. 

Other ways of obtaining the active part of air.— Quick- 
silver, or mercury, when strongly heated in the air, slowly 
combines with tlie active part, and gradually becomes con- 
verted into a bright red powder, which is the rust of mercury. 
If some of this rust of mercury is heated in a hard glass tube, 
as in Fig. 218, it soon changes in colour ; and as the heating is 
continued it is noticed that a mirror-like deposit is formed 
round the top, cold part of the tube. When this deposit is 
rubbed with a penholder or pencil, it runs together and forms 
little drops of quicksilver. Moreover, if a glowing splinter 
of wood is introduced into the tube, it bursts into flame, show- 
ing that the active part of the aii* is being driven out of the red 
mercury rust. This change is just the reverse of what takes 
place when mercury itself is heated. The active part of the air, 
with which hot mercury slowly combines, is driven out of the 
red mercury rust when that is strongly heated. But red 
mercury rust is expensive, and it is too costly a plan to heat 
it to obtain a quantity of the active part of air sufficient for the 
study of its properties, ^everal other and cheaper substances 
easily give up the actives part of air when heated. 

The active part of the air is called oxygen.-— As it will be 
more convenient in the future to speak of the active part of the 
air by the name chemists use for it, we may state here that it is 
always called oxygen, but the meaning of this name will be 
better understood later. • 

91. PREPARATION OP OXYGEN. 

L Oxygen from potassium chlorate.— Place a little ]^tasslntti 
chlorate or chlorate of potash (which is the same thing) in a te# 
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tube, and heat it ai in Fig. 219. Observe that the powder crackles, 
melts, and gives off a gas. Test by a glebing splinter of wood, and 
see that the gas behaves like oxygen, the active part of the air. 

ii. Prepaxation of a small quantity of oxygen.— Powder some 
crystals of potassium chlorate, and mix the powder with a little 
manganese dioxide (sometimes called pyrolusite). Heat some of the 
mixture in a test-tu6e, as in the last experiment. Observe by 
putting in a glowing splinter that oxygen is given off. Notice 
that in this case there I s no melting, and the gas comes off more 
readily. 


iii, Preparation and collection of oxygen. — Into a hard glass tube, 
closed at one end, fit an india-rubber i^^pper, with one hole in it, 

'!®rough which a tul>e, l)ent 
as in Fig. 219, is passed. 
Tlie other end of this tube, 
called the delivery tube, dips 
under water in a trougli. 
Mix together some potassium 
eiilorate and manganese di- 
oxide, as in the previous 
experiment, and place the 
mixture in the tube. Sup- 
port the tube and delivery 
tube as shown in the illustra- 
tion. Fill several bottles 
with water, and invert them 
in the trough. Gently warm 
T' e ' tube, and place one of 
* ctie bottles of water over the 
delivery tube. 

As the oxygen is v driven off, it di^aceff the water •jm(f..gr^ually 
fills the bottle. When the bottle is full'uf oxj^ep/cbve^/iti'mouth 



Pia. 219. — Preparation of oxygen by heat- 
fidg a mixture of potassium chlorate aii^ 
manganese dioxide. 'Hie gas is being col- 
lected over water. 


with a greased glass plate, and lift 
way fill five or six jars with oxygen.,., . 

Caution. — Be car^td not to take , 

hard glass tvbe before removing the del^ery tube from t^e trough. 


3f tlie trough' In this 

’ ; ■'{♦r 4 ■■ 

% 

hnmer fmni under the 


Preparation of oxygen from potassium chlorate. —A a the 

quantity of oxygen obtained by beating red oxide of mercury 
is comparatively small, and the oxide of mercury is expensive, 
a-^more convenient source of the gas is the white crystalline 
powder' Called potassium chlorate. 

If this white crystalline compound is heated, in the same way. 
as the red oxide of mercury, it melts and gives off bubbles of 
oxygen, and after all the oxygen has been given off a white 
substance like table salt is left behind. 

By heating, the potassium chlorate is broken up into two 
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things, a gas and a white substance like common salt, which is 
called potassium chloride. 


Potassium gives when 
Chlorate heated 


Potassium 

Chloride 


^ and Oxygen. 


Use of oxygen mixture.— By adopting* a slightly different 
method, oxygen can be obtained more readily and easily, for it 
has been found that by mixing the pitassium chlorate with 
certain other substances, as, for instance, a black compound, 
manganese dioxide, the oxygen from the chlorate comes off 
more easily and at a lower temperature. This mixture may be 
called oxygen mixture. If after all the oxygen has been driven 
out of the mixture the residue left behind is boiled up with 
water in a flask and the turbid liquid filtered, the manganese 
dioxide remains unchanged on the filter paper. 


92. PROPERTIES OF OXYGEN. 


! mouth and test its 


The jars of oxygen prepared as described in Expt. 91 iii. are 
required. % 

i. Physical properties of oxygen.— Takt' one of the bottles of 
oxygen (one of those collected last should bt‘ chosen). Notice every- 

S you can alx>ut the content^ of tlie^ bottle. The gas in the 
3 has no colour. Remove the plate from tlie n 
smell ; it has no smell. Try the taste by 
breathliE^ ‘Some of the gas ; it has no 
taste, if the gas lias any eflect on 

moistened litmus papers, ■one blue and 
the otlier red. There should l)e no effect ; 
we say oxygen i.s a neutral substance. 

ii. huming of a candle in oxygen. 

— Attach a piece of stout wire to a wax 
taper and having lighted th# taper plunge 
it into another of the ^ars of oxygen. 

Notice that it is not exting^iishedy but 
continues to bum, and with a larger and 
brighter flame. 

iii. The burning of charcoal in oxygen. 

— Into another jar of oxygen thrust a 
splint of wood red-hot at the end, or , — Carbon burns in 

^ . r 1 1 i. V 11 JP- J oxj^ffonVith a much brighter 

a piece ot red-hot charcoal placeci m a flame than in air. 

deflagrating spoon (a small upturned Iron 

spoon with a long handle) (Fig. 220). Note the brilliancy of the 
combustion. Now pour into the jar some clear lime-water (i.t. 
some of the clear liquid which is formed if lime and water be shaken 
together and allowed to stand. It is really a solution of lime in 




326 


LESSONS IN SCIENCE 


water). Notice that it turns milky owing to a white powder being 
diffused through the liquid. 

iv. The burning of phosphorus in oxygen. —In another jar burn a 
piece of phosphorus about half the size of a pea, contained in the 
deflagrating spoons Note the great brilliancy of the combustion 
and the dense white fumes. Add water and shake — the fumes 
dissolve. Into the solution put a blue litmus paper. Observe that 
it is turned rtd. 

V. The burning of sulphur in oxygen.— Perform, with another 
jar, a similar experiment with sulpliur. There are few fumes, but a 
strongly smelling gas is obtained, also soluble in water, turning 
blue litmus red. 

vi. The burning of magnesium ribbon in oxygen.— Ignite a small 
piece of magnesium ribbon and hold it by means of crucible tongs in 
a jar of oxygen. Notice the white solid formed. Test its soluliility 
in water, and show that unlike the previous products, it will not 
turn blue litmus solution red, but will turn red litmus solution blue. 

vii. The burning of sodium in oxygen.— Put a small piece of 
sodium ^ in a dry deflagrating spoon, light the sodium, put it into 
another jar of oxygen. Observe the fumes formed. Dissolve these 
in water and try the effect of the solution on litmus paper. It does 
not turn the blue colour to red, but has exactly the reverse effect, it 
changes red litmus to blue. Feel the water ; it has a soapy feel. 

viii. The burning of iron in oxygen.— 01 )tain a piece of iron wflre 
(a thin steel watcli-sprilig will d(ff, and dip one end into a little 

melted sulphur, and when the sulphur is burn- 
ing place the wire in another jar of oxygen. 
Observe that the sulphur buras and also 
starts the combustion of the iron, which con- 
tinues to burn with a brilliant shower of 
sparks. After the burning has ended, observe 
that a quantity of an insoluble solid (iron 
rust) has been formed. 

ix. Oxygen is soluble in an alkaline solution 
of pyrogallol. — (a) Collect some oxygen in a 
test-tube over mercury. Dissolve a little 
caustic potash in pyrogallol, so as to make 
a strong alkaline ? solution. Force some of 
tlie solution into ‘the oxygen by y)artly 
fijilin0 a bent pipette with it, and blowing 
ddwh the pipette when the bent end is under 
the bottom of the test-tube, as shown in 
Fig. 221. 

Note that after a little while the oxygen is wholly absorbed. 

{h) Repeat the Jast experimc'ut, sui)8tituting air for oxygen, and 
notice that the air is only parti;dly absorbed. 

Properties of oxygen. — Oxygen is a gas wlucb has no colour, 
no smell, and no taste. It has no action upon litmus paper, and is 



Fio. 221.— How an 
alkaline eolution of 
pyrogallol can be in- 
troduced into a tube 
containing oxygon. 


1 Important ! Carefully read the note on p. 834. 
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for this reason said to be neutral. Oi'diriary Tjombustible sub- 
stances burn more brightly in oxygen than in the air. 

Oxygen has no elleet on substances like sulphur and carbon 
when they are at the same temperature as# the room, but if 
these elements are heated to the point of*ignition the o.xygen 
combines with them very readily, causing them to burn 
vigorously. | 

Some substances which will not burn under ordinary con- 
ditions can be made to buiu in oxygen, and the case of iron 
affords a good example of this. Consider what the result 
would be if there were only oxygen in the air. As soon as iron 
got red-hot it would start burning. We could not in these 
circumstances use iron for our grates, furnaces, and similar 
things. 

Oxygen is not very soluble in water — one hundred parts of 
water dissolve thiee parts of this gas. That the amount of 
oxygen dissolved by water is very small is seen by the fact that 
oxygen prepared for experiment is usually collected over water. 
But though the amount is small it is of great importance in the 
economy of nature, for it is due to this dissolved oxygen that 
water animals are able to breathe. Oxygen can, however, be 
readily dissolved by some liquids, such as a solution of pyro- 
gallol in caustic potash. i 

Though oxygon exists in a gaseous condition under ordinary 
conditions of temperature and pressure, yet it caA) by lowering 
the temperature and very much increasing the pr^ijre, b^| 
made to assume the liquid, and even the solid, stat^ . 4 

Oxygen is indispensable to life. It is the cohstft04®® 
atmosphere which is used up in the processed' 
decay, and fermentation. • 

Ponnation of oxides explained.— Whenever oxygen com- 
bines with another element an oxide is formed. Indeed, oxygen 
is so active and powerful that it forms oxides with every simple 
substance except fluorine. 

In all the cases of burning studied experimentally when con- 
sidering the properties of oxygen, new subsfances with new 
properties have been formed ; they are therefore cbetniofikl 
compounds, and the experiments afford instances of 
action. Taking some of the experiments performed as 
when sulphur burns in oxygen a compound which wlHi 
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distressing smell and reddens a blue litmus-paper is formed ; 
it is called Sulphur Dioxide. 

Sulphur burning in Oxygen forms Sulphur Dioxide. 

Similarly, wheL carbon burns in oxygen, a gas which extin- 
guishes a burning taper and turns lime-water milky is formed. 
This compound is known as Carbon Dioxide. 

Carbon burning in Oxygen forms Carbon Dioxide. 

Again, when iron burns in oxygen, a brown powder, which is 
really ordinary iron rust, is formed, as well as a brittle, black 
solid quite unlike the original iron. These compounds are both 
of them oxides of iron. 

Iron burning in Oxygen forms Iron Oxide. 

An examination of these oxides shows that they are identical 
with the products formed when the substances burn in air. 


93. THE INACTIVE PART OF AIR. 

i. The inactive part of air. — Repeat the experiment of allowing 
iron to rust in an enclosed quantity of air over water (p. 307), and 
satisfy yourself that the gas left behind {a) extinguislies a flame ; 
(b) has no action on a litmus paper ; (c) does not turn lime-water 
milky. 

ii. Air can be obtained again by mixing oxygen with the inactive 
part of air. — Again allow iron to rust in an enclosed amount of air. 
When the volume of gas in the Ixittle has ceased to dimimsh, 
remove the muslin bag containing the iron. Place the delivery tube 
from an oxygen apparatus, similar to that used in the experiment on 
p. 324, and by heating the hard glass tube bubble oxygen into the 
bottle until it is again full of gas. Cover the mouth of the bottle 
with a piece of cardboard, lift out the bottle, and test the gas it 
contains with a burning taper ; it behaves just like air. 

Nitrogen. — The gas which is left 'in a bottle of air after iron 
has rusted in it, or phosphorus has burnt in it, or in which any 
one of the instances of burning which have now been studied lias 
occurred, will no longer allow a candle or taper to burn in it. 
This is one reason why it is called the inactive part of air. The 
inactive part of air does not affect damp iron at all ; that is, the 
iron does not rust when put into it. The name by which this 
gas is known to chemists is nitrogen. 

Properties of nitrogen. — The gas nitrogen is very inert, 
since it can b^ made only with difficulty to combine with any 
other substance- It does not burn, nor will it 'allow^ other 
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substances to burn in it ; or, as usually expressed, it does not 
support combustion. A mouse dies if put into this gas. 

If the negative nature of the properties of nitrogen is borne 
in mind, and is considered in connection with the very active 
powers of oxygen, it will be understood that the presence of 
the gas in the air serves the purpose of diluting the oxygen, 
weakening its powers, and making cornbilstion much less intense 
than it would otherwise be. 

If nitrogen obtained from air be heated with either mag- 
nesium or lithium, it is found that nearly 1 per cent, of it 
remains unabsorbed This residue is another substance present 
in the atmosphere to the extent indicated, and called argon. 
Argon is also very inert, more so even than nitrogen. Owing 
to this, even until the year 1894, its presence in the air had 
been completely overlooked, although, nearly a century before, 
the eminent chemist Cavendish had unknowingly obtained 
some, regaiding it as an impurity which he had overlooked— 
an example of the importance of giving attention to the 
minutest details in scientific investigations. After the dis- 
covery of argon, four other new gases — helium, neon, krypton, 
and xenon - were found to be permanent coiivstituents of air, but 
they occur in such minute quantities that their presence need 
only be mentioned here. 

Chemical composition of air. —What may be termed the 
fundamental gases in air are oxygen and nitrogen. Argon 
and the four other new gases may for our purposes be regarded 
as part of the nitrogen. Carbon dioxide and water vapour are 
practically always present; and various other gases, or vapours 
frequently occur in small quantities, but these may be regarded 
as impurities, and ougl^t ftot to be considered as constituents of 
pure air. The following table shows the percentage composition 
of air as regards volume ; that is, for instance, the number of 
cubic feet of the various gases present in 100 cubic feet of the 


atmosphere : 

Oxygen, a gas which supports combustion, - - 21 *00 

Nitrogen, an inert gas, - - - - * - 78*03 

Argon, an inert gas, 0*94 

Carbon dioxide, a suffocating gas, ... - 0*03 

liVater vapour, Varifkble 

Nitric acid, 1 \ ' 

Ammonia, V - , traoot f 

Ozone, J 
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These proportions ai'e remarkably constant in ordinary aitj 
and it is only in localities or under conditions of an exceptional 
character that they vary to any noteworthy degree. In the air 
of mines, the oxygen has been found as low as 18*6 per cent., 
but this represents gimost the lowest percentage of oxygen ever 
obtained from a place where human beings could live. In the 
midst of vegetation, ojJ open ground, especially in the daytime, 
oxygen is present in the proportion of about 21 per cent., but 
never more. 

Nitrogen not only serves to tone down the activity of oxygen 
as a supporter of combustion, but it is also useful to the life of 
plants. A few lowly plants appear to absorb nitrogen direct 
from the air, but the majority of them obtain it indirectly 
as the result of the action of bacteria existing in the soil or 
in their roots. 

The proportion of carbon dioxide rarely exceeds 3 parts in 
10,000 in pure air, and is not often less than 2*7 parts per 10,000. 
During the night the proportion is slightly greater than in the 
day. In the streets of a town the amount of carbon dioxide 
only exceeds the average amount of the open country by about 
1 part in 10,000. In rooms, however, and badly-ventilated 
places, carbon dioxide is often greatly in excess, and oxygen 
is present in a much smaller proportion than it ought to be. 
Carbon dioxide is not essentially a poisonous gas, but it is often 
found in bad company, and when it occurs in excess the air of 
which it forms a part is unfit to breathe. 

Air always contains a certain proportion of invisible water 
vapour, and when the air is cooled to a sufficient degree this 
vapour becomes visible in the form of mist, fog, cloud, rain, or 
other familiar forms of water (p. 193). Ozone is a peculiar form 
of oxygen, and is usually present in the* air of the open country 
or over the sea, but not in that of towns. 

In addition to these and other gases, numerous minute solid 
particles are suspended in air, some of them being living germs. 
They are more abundant in the town than in the country. 

The air is n&t a chemical compound, but a mixture of 
gases. — In proof of this statement, the following facts and 
experiments may be cited : 

L The composition of a chemical compound never varies, 

, while the composition of air does vary slightly. 



NITROGEN AND OXYGEN IN AIR 


331 


2. Whenever a chemical compound is formed, a certain 
amount of beat is developed, and there is generally a change 
of volume. When, however, oxygen and nitrogen are mixed 
in the proportion in which they occur in th^ air, there is no 
evolution of heat or change of bulk, tl^ough the mixture 
cannot be distinguished from air. 

3. The proportion in which oxygen ar|i nitrogen are mixed 
in the air docs not bear any simple lelatiori to their com- 
bining weights, whereas in the case of every true chemical 
compound, the amounts of the constituents always bear some 
simple ratio to these weights. 

4. When air i.s shaken up with water, some of it is dissolved. 
If air were a chemical compound it would be dissolved as a 
whole^ and therefore the dissolved part would have the same 
composition as the undissolved part. But this is not found 
to be the case. The air dissolved in water can be expelled 
by heat, and if it is collected the oxygen in it is found to 
be more in proportion to the nitrogen than it is in ordinary 
air, thus showing that water dissolves more oxygen than 
nitrogen. 

Ordinary air consists of about one-fifth oxygen and four- 
fifths nitrogen by volume; but air expelled from w^ater contains 
about one-third oxygen and two-thirds nitrogen. 

5. When air is liquefied by intense cold and great pressure, 
and the liquid air is then permitted to evaporate, the nitrogen 
is first given off, so that the liquid becomes richer and richer in 
oxygen. If air were a compound, no one part of it would be 
more volatile than the other. 

CHIEF POINTS OF CHAPTER XXIV. 

Oxygen. — Oxygon is the active part of the air. When red oxide 
of mercury is heated it decomposes into mercury and oxygen. 
Oxygen can also be obtained by heating potassium chlorate, when 

E otassium chloride, a substance very like common salt, is left 
ehind. 

Oxides. — When some simple substances are hoat^Ji in oxygen they 
unite ■with it, forming oxides. Thus : 

Iron and oxygen form an oxide of iron. 

Phosphorus and oxygen form an oxide of phosphorus 
Carbon and oxygen form an oxide of carbon. 

Sodium and oxygen form an oxide of sodium. 
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Some oxides unite with water to form acids ^ which turn blue 
litmus red ; the oxide of phosphorus is an example. 

Other oxides unite with water to form alkaline sohUionSy which 
have a soapy feel and the power of turning reddened litmus blue 
again ; the oxide t-f sodium is an example. 

Nitrog^en. —Nitrogen is the inactive part of the air. It makes up 
80 per.cent. (roughly) of the volume of the atmosphere. It is very 
inert. It neither burns nor allows things to burn in it. It is left 
behind when substancei burn in air. 

Air. — The air is a mixture of gases and not a chemical compound. 
Its chief constituents are nitrogen, oxygen, argon, carbon dioxide, 
and water vapour. 


EXERCISES ON CHAPTER XXIV. 

1. What are the chief properties of oxygen? 

Describe the experiments you would make to illustrate these 
properties. 

2. Oxygen and nitrogen are the two chief ingredients in common 
air. State reasons for the usual belief that they are not combined 
together chemically. ^ 

3. Describe experiments which prove that air is composed of 
least two different gases. 

4. JIow would you show by experiments that only one part of the 
air is concerned in (a) burning, (?>) rusting ? 

5. State approximately what the diflferenoe in composition is 
between ordinary air ^nd ^‘^dissolycd air ” which’ has been expelled 
by boiling solutiion in wjrtei:,* 

6. Desdf™ and explain the*vai*ioiis ntetliods with which you are 
acquainted %y means of which aif c«(n be deprived of its nxygen. 

7., b#hin4^a^ A Jgw wben ph<whorus burns in a closed 

Vespa'S! ' 'What ft f maSdo t^y^^ine 

w:^ oxy^nj hW? ^ 

1. Lead three ttrelLknown oxiijes. ' Describe theappeaft^S^ 
of ^Iph subBtance. Hovrdoes ih^ proiWiiion of oxygen dinht ia the 
three kinda? 
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WATER AND HYDROGEN. 

94. ACTION OF METALS ON WATER. 

1. Iron becomes rusty in water containing: dissolved air. — Leave 

a piece of clean iron in water for a few days. Notice that rust 
forms uj>on it. 

ii. Iron in boiled water does not rust. — Boil some water in a flask 
or clean saucepan for some time so as to drive out the dissolved air. 
Obtain a wire-nail, or a steel pen-nib, and after washing it in soap 
ind water to remove oil, dry it, place it in | bottle, and quickly fill 
up the bottle with the boiled water. Inseni a tightly -fitting india- 



Fio. 222.— A moaiia of obfaiiiiing hjfdrog'en gas from water by depriv. 
iiig steam«of oxygen. 


rubber stopper, being careful to enclose no air between the stopfUr 
and the top of the water. , Place on one side, and examine the iron 
after a few days. No rust will be seen. 

iii. Action of heated Iron on water. — Place some iron filings in a 
hard glass tube, having at each end a cork through which a short 
glass tube passes (Fig. 222). To the end Gfit a delivery tube from 
a flask containing water previously boiled to drive oft' tlic dissolijfed 
air, and to the other end fit a short jnece of rubber tubing. 

333 
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the Son filings w4ll, and boil the water in the flask so that steam 
passes over the heated iron, and then into the water, where it con- 
denses. Now place over the end of the tube A an inverted jar of 
water, and note that the steam is not completely condensed, but 
that minute buboes ascend to the top of the test-tube. When 
you have so obtained a sufficient quantity of gas {a few cubic centi- 
metres), first disconnect C'from the flask of water, then stop the boil- 
ing. Close the end of the jar with a glass plate. Hold a liglited 
match to the mouth I of the jar and take away the glass plate. 
Observe that the gas ourns. Examine the iron nlings in the hard 
glass tube, and see that a quantit}' of rust has been formed. 

iv. Action Of sodium on water.— Place a small piece of sodium ' in 
water in an evaporating basin, and quickly put a large glass shade 

over the latter ; observe 
the action. Feel the water 
left after the sodium has 
all disappeared, and test 
it with red litmus. Eva- 
porate away tlie water. 
Note the residue. 

V. Collection of the gas 
which sodium turns out 
of water. — Place a small 
piece of sodium in a small 
]>iec<; of lead tubing, the 
ends of which aie nearly 
closed, and gently drop 
the lead into a pan of 
water. A gas is seen 
to come off (Fig. 223). 
(^>llect this in an inverted 
lube full of water, and 
by this means obtain three 
fi(}. 22.^. - Sudiurn eombines with ttio oxvijci* U.'st-tubes of the gaS. Ob- 
of water and turns out the hydrogen. serve that the gas is 

colourless and odourless. 

Vi. Examination of the gas produced by the action of sodium 
upon water. — Take out two of the tubes and hold tliem for the same 
time, say 30 seconds, (1) with mouth vPj (2) with mouth down. 
Then apply a light to the mouth of both. 

' Now try the 3rd tube, holding it mouth down, and place a 
lighted match up into the tube. Note that the gas does not explode, 
but burns quietly, wliilo the match is extinguished. 

Chemical examination of water.— Before proceeding to 
study the cherhical behaviour of water it will be well to 

I Great care must bo taken when UKing sodium, wliicli must never be allowed to 
touch damp materials. It is kept under naphtha until used, and should never Ite 
handled with the fingers. It should be dried by blotting-pt^per wli^en tak( n from 
the bottle and cut with a clean knife, the pieces not used being immediately 
replaced in the bottle. 
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recapitulate wbat has been already learnt abofct it. Water is a 
clear liquid with a blue-green colour, best seen by causing light 
to pass through a considerable length of it. It boils ^at 100° C., 
and is then converted into steam. It fi’eezes at 0° C., becoming 
ice. Its density is 1, Le, the weight of 1 c.c. is 1 gram at 4° C. 
and slightly less at any other temperature* owing to the fact 
that water expands when either cooled l|elow or heated above 
4° C. It has the power of dissolving many substances — e.g. salt, 
sugar, etc.— forming solutions from which the water may be 
evaporated away, leaving the solid behind. But these facts tell 
nothing of the chemical nature of water. By suitable 
experiments, however, the mutual action between water and 
some other substances may result in entirely different products. 
It has been seen that when iron is left in water it forms a con- 
siderable quantity of rmt. But this may ?be due to the air 
which may be dissolved in #k^r, for if the iron be placed in a 
tube containing water, wliich-has first been well boiled to drive 
ofi‘ the air, and the tube is then sealed in a blow-pipe, the iron 
either does not rust or does so to only a vei*y slight extent. 

If, however, the iron is heated and >vater is passed over it in 
the form of steam, in the manner described'in Experiment 94 iii., 
a chemical action begins which* teaches several important facts 
about the composition of water. Not only do the iron filings 
become rusty, just as they do when exposed to damp air, bnt a 
gas, insoluble in water, which can be collected over a trough, 
as shown in Fig. 222, is obtained. This gas bui’ns when a lighted 
taper is brought near it. 

Action of sodium upon water.-- -It has been seen that from 
steam and iron it is possible to obtain iron rust, that is, iron 
oxide, and an inflammable^gas. This fact suggests that water 
contains this inflammable gas as well as oxygen, and a way to 
test this is to find something which has a powerful chemical 
attraction for oxygen, for, if this substance is placed in contact 
with water, it will take up the oxygen and leave the other con- 
stituent or constituents of water. Such a substance is the 
metal sodium. • 

When a small piece of sodium is thrown upon water it swims 
about on the surface with a hissing noise ; and the solution, 
after the sodium has all disappeared, has a soapy feel and turns 
red litmus blue. In this case it can be seen only that the action 
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is energetic and a'toew product is formed, while the sokpy feel of 
the water and its action on litmus appear to indicate that this 
product is the same as that obtained when sodium is burnt in 
oxygen and the fumes formed are dissolved in water. If the 
pellet of sodium is enclosed in a piece of lead piping, the ends of 
which are flattened, 'the gas comes off in such a way that it can 
be collected with ease, and is then observed to be colouiless and 
to have no smell. If two tul^s, which have been’ tilled with the 
gas (Fig. 223) and held for thirty seconds, one with its mouth 
•upwards and the other with its^^mouth downwards, have a 
lighted match applied to them, it i& found that there is no effect 
with the first’ tube and a slight explosion with the seoqfid. 

The slig^ -explosion of (2) shows it to contain an explosive 
gM, while' the absence of any effect with (1) shows that the gas 
has all disappeared. Hence, it is seen that the gas escapes from 
a tube held mouth upwards, but not so quickly from one held 
mouth downwards. It is therefore lighter than air, being in 
fact the lightest gas known. 

If a third tube of the gas is examined in the same way, 
immediateh||(lii taking it out of the water, the gas does not 
explode, buf burns quietly. 

95, PEEPAEATION AND PEOPEETIES OF 
HYDEOOBN. 

1 Preparation of hydrogen. — Select a flask and tit it up as is 
shown in Fig. 224. Be very careful that the stopper and the tubes 
respectively fit very closely. Into the flask put enough granulated 
zinc to cover the bottom. Poui? some water upon the zinc. Arrange 
the delivery tube in the trough as when making oxygen. Pour a little 
sulphuric acid down thp thistle-headed acid funnel, and be quite 
sure that the end" of the funnel dips Jbeqeath the liquid in the flask. 
Do not collect bottles^ of the gas until you ^re sure pure hydrogen is 
being given off, which y<S4r .gap. find out in this way. Fill a test- 
tube with water and inWf^ over the end of the delivery tube. 
When it is full of gas, holding it upside down, take it to a 
flame {Which should not*.^ near the flask in use) ; notice that 
there is a slight explosion. Continue this until the* hydrogen burns 
qteetly down the test-tube. When this happens proceed to fill one 
or two bottles. When the bottles have been fill^, it is better not 
to remove them from the water until you want to use them. Collect 
also a soda-water bottle half full of the gas. 

43aiitiO]i. — Be carefvl wot to bring a light vMr the thit^le funnd or 
^0e ^iv€ring the gae, even when the action in the flash ieem$ to ham 
«l dangerous expUmon may occur. 
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careful aho that none of the acid ustd gets upon your fingers or 
dothinij ; 

ii. The liquid left in the flask — Filter oft’ the liquid in t1<<^flaHk 
fioin tiie undissoh ( m1 zinc (sufticient zinc should he use<l tO|J^ve a 




Fkj 224 —Zinc tuiiib h>d^gcn out ol dilute sulpbuiic acid 

cjiiai>tit\' still undissolved if all has disajipeari'd add inoio ai^’ wait 
till tlir .u lion ceases) }^ii tially evapoiMtt* tlie Injiiid and dLos it 
to Cl \ slallist'. A qiiantUy’T)! eleai:, eoloin less crysta]-* air IouiilcI 
Examine them and sk^li dn* most perfect Heat some ol tlie 
crystals in a tube and ob^ i‘>e that they melt, lovc oftAvatt'r (y hicli 
can 1)C‘ collected and pi ovi'd^j^ la* \\ atoi ), md t i\( t w liitij powdti 
ill Hydrogen burns but 
extinguishes a flame — d’est 
uru* jar of tin* gas hy means 
of a lighted match or tajier. 

Observe that the gas burns 
at the mouth of the jar 
and that the tapeu- is ex- 
tinguished when thrust into 
tlie tube ; on bbing rsken 
out, the taper again be- 
< LH'iies alight on passing 
I ii rough th(‘ ftame of tlie 
but n mg hydrogen lEig *227^. 

IV. Hydrogen is lighter 
than air -b]''ake a full jai 
Oktl# ‘ gas and hold it mouth 
"‘upwaids below a siu'ond 
smaller jar held mou 

downwards, as sliowri in , , , , . v j 

tig 220. Ontesting^^h when uisid;. the jai of hvdiogen 
a Jiglited taper obsPi%e 

that the gas has left the lower jar and tilled the uppei Many 
experiments, as tin* tilling ot balloons or soap bunblee, may 
also be performed to demonstrate the extrenu'ly low ileiisity of 
hydrogen. 

L.S. I- 


V 
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V Hydrogen forms an explosive mixture with air r— Wrap your 
crOB:.. h.uiUfc,in a (iustta* and witli it hold the 

Roda-^^ate^ bottU' (Kxpt 9.*) i ). Take it 
I jL f. out of the water so that the water urns 

I y I out, and the hottU‘ is now tilled with 

rnixtuie (d' h\drogeii and an. Apply 
' S * a lij^dit and you not tail to ohseive 

iB that an exjilosion lAsiilts'^ 

I ,1 ‘ f Vi, The flame of burning hydrogen — 

- Fit a Iight-angled tube diawn out to 
a point to a hydrop'ii geiieratoi, as 
showni in Fig ‘227" Afttu’ jioiii ing a little 
sulphurie acid dowui the thistle funnel, 
B collect a test-tube of the gas issuing from 

the straight tube, and hohl tlu^ mouth of 
Fm. 22r,-IIv,l,0Ka.n.sl,^-hter tl-| test-tuK- lu-ar a flame, muxi he 

tba,n diir and can be puuicd up. a Ao/’ a icay f t'om the (^nviator. iiie 
waids. at tii*st go off w ith a pop, oi burn 

woth a squeaking noise, but -after two <»i thre<‘ tiials it will burn 
quietly, with a blue Hame. ]Vhe 7 i you r(i)i thisjlaint of burning 

hyd/ogm to tJu a Kira fun f torn icftirh the 


(jaH IS being py'oduLfd, do so, and ihl ft to 
ignite the gas esc<ijung from tfo pinhOd 
tube. If ym reriieniln'r always to do llll'^, 
there can be no f lunger, foi w'hen you aic 
able to carry a flame of hydrogen in a test- 
tube of the gas, foi a distanc(‘ of two or 
thrpe feet to the generating ajiparatus, 
you ma\ be sure that the hydiogen issuing 
iroiu tlib a})paratus is not mixed with an. 

Light the hydiogen in this way. 

Obsi'ive that it Imrns with a pale blue 
flame, wdiich after a time beeom<‘s \ellow'. 
This coloiation is due to the glass Vie^om- 
ing hot, and some of the subsi.uices in it 
being burnt in (li< ll-inu' of h\diogon 
•ii: Hydrogen can be collected by upward 
displacement —Substitute tor tlie (hdn^ory 
tube inJ^A'pt 9o 1 a tuln^ bcuit twnce 
right atigles, as shown m Fil^ 22H, and 
aiiange a jar on a retort -stand in an in- 
vert I'd position. Idaee a test-tube over 
the upright tub«‘, and allow it to stay then* 
ii)Y a minute, and test thf' gas as dt'seribed 
in hApt Of) 1 Wlieii it is jmre, substitute 
thr in\('rted jai,‘and after a bwv nnnut(‘S 
lift it otf the stand and applv a light, fust 
taking tht‘ pi (‘caution to wTap a dust(*r 
round the jar and to hold it awaiy from your 
fac{‘ The jar wall In* found to contain 
hydrogen 



r K. 227,--AiTanprenicnt for 
obt iiniiif^- a llanic of drt'goa 






Fia, 220.— Crystjilrf of zinc sulphate. 

bo th^ slight solubility of hydrogen in water, it can be %i)llQcted 
in tife sanio way as oxygen.over tlie pneumatic trouirh. If, when 
th(‘ cbeiiiical action in th<‘ flask has coin|)lct('ly sta^pped, the 
lion id is hltcred from the still undissolved zinc, as previously 
ofculaiiied, and then })artially evaporated in a basin and after- 


Preparation of hydro 

Been that from w-itn a-, ! 
indammable nyiitcj than 
air, which does liot support 
combustion ; and a solution 
which behaves like the solution 
of sodium oxide is also formed. 
The most natural inference is 
that the water contains this in- 
flammable gas, which is called 
hydrogen, combined with pxy- 
gen. Before proceeding to 
verify this, it will be well to 
examine more carefulfy the 
properties of the inflammable 
gas, and to do this it k neces- 


ige quant i ' t>ee,h 

1 it is possible to ubidin an 


Fic. Hydrogen tn iiig lighter 

ian air <*ai) V»c collected by ux>ward 
l«j»lucciucnt. ^ m 


^ary to collect the gas in gieatei- 
quantity than hitherto. *t it 
prepared by acting upon dilute sulphuric or hydroehloiir ai'id 
with zinc or iron, the former metal being generally used. 

The apparatus suitable for t8e preparation of liydrogen in 
this wa^^ is described in the experimental w ork (p 336). Owing 
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wards allowed to crystallise, a quantity of clear colourless 
crystals is formed. These crystals melt if heated in a tube, 
give off watei*, and leave a white powder. They consist of a 
compound formed from the zinc and part of the sulphuric acid 
and are known as zinc sulphate (F"ig 229). 

We may therefore state that sidphitnc acid a'fid zinc form 
hydrogen and zinc snI}{Kitte. Or, the same fact may be expressed 
in another way : > 


when 

Sulphuric acted 
Acid upon 
with 


Zinc fjives 


Zinc 

Sulphate 


and Hydrogen. 


Water of crystallisation. — Many crystals behave like zinc 
sulphate on being heated, they lose water which tliey pre- 
viously contained, and become converted into a powder. The 
water contained in a crystal and evolved on heating is known 
as water of crystallisation. Some substances, like blue vitriol 
(copper sul[)hate), change in colour when their water of crystll- 
lisation is driven out by heat ; but the colour can be regained 
by adding water. 

Properties of hydrogen. — Having now a means of obtaining 
hydrogen in considerable quantity, it can be observed that it is 
a colourless, odourless gas, considerably ligliter than air ; it 
burns, but does not support combustion, and it foiTiis a higlily 
explosive mixture wdieii mixed with air. It is now necessary W 
obtain and examine the compound which is ])roduced by the 
burning of hydi’ogen — that is, the oxide of hydrogen. 


96. WHEN* HYDBOGEN BUBNli T^QATEB IS FORMED. 

i. Water is formed by burning hydrogen. — (a) Arrange a flask as 
before for the pniduction of hydrogen. Pass the gas through a tube 
containing chloride of calcium in order to dry it thoroughly. Allow 
it to bum under a retort which is kept cool by a stream of water 
flowing in at the tubule and out at the end of the neck (Fig. 230). 
Observe the formation, on the outside of the retort, of a clear liquid 
which collects and drops into a beaker placed to receive it. By 
this means sufficient of the liquid can be obtained to identify it, 
Bspe^ially if several students add together the liquids formed in 
their ex^riments. 

(6) Take the density, freezing point (a ihixture of sodium sulphate 
Eum hydrochloric acid forms a convenient freezing mixture), and 
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boilin" point of the iKpiul fonnotl Ey liiirniiiu litdlTigcii. You willl 


d.iUi tomied when hydrovcen buriia in ttie air can be 
CDllcf'ted .iiid ex.iiirtiD d , 


find those are 1, O'" C., 1 

are siiffien nt to enable u to 
with pui(‘ u>it('i 
li. Analysis of water, 

— This may he done by 
means of an ('hadTie 
hatleiy for geiieialin;^ 

The eh^eti ic cui rent, and 
a volfametvr. The latter 
IS most simply mad(‘ by 
closing tlie hottorii of a \ 

funnel by means of a 
tightly- fit ting cork ^ 
thiongh which jiass t#o 
platinum wires with • 
small ])lates of platiiiuin 
attached to tle^ ends 
rfunaining in the fininel 
(Tig. ‘2.dl). Oxer tlu'se 
plates are sujipoiU'd 
two glass test-tuixNS of 
espial capacity, and tlu' 
tiilnNs and part of the 
fiiniKd an' filhsl with ^ 
water to which has Ik'^i 
added a little siiljihuflll 
acid, as otht'rwise the InpiKl 


to be stated tbaitlu' liquid is identical 


~ Platuuun 
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ol the electric current. The wires from a battery of three* or four cells 
are connected with the ends of the platinum wires, and as soon as the 
connection with the battery is ’complete, providt'd theie is clean 
metal at every junction, bulibles of ^as are setai to rise* from (‘ach 
platinum })late, and to ascend into the tube and displace tlie* con- 
tained Inpnd. After the experiment has ^one* on for half an hour, 
the gases may be tested and tlieii volum(‘s me'asuit'd It will be 
found that the volume* of on.* gas is double* that of the* other, and 
that tlie gas of whie*h th(»re is the laigei anumut is Jiydrogni^ whilst 
the other is oxygen. 

Formation of water “by burning hydrogen.— AVhen a jet of 
burning hydrogen is brought into contact with a cold surface, 
such as a ceild glass, the ])re)duct of coin- 
bustion, the oxide of bydreegen, is con- 
densed. If after a snfbcient quantity eif 
the liepiid has bee-n collee ted it is examined, 
It IS found (a) to have a density of 1, {h) to 
fieeze at and (c) te> boil at 10(1 C. 

'^riie'se are the jihysical cliaraeteristics of 
water and of no eetber substance, so we aie 
justified in stating that this liejuid, formed 
when hydrogen burns, is water. 

Fie vious experiments bavt* - indicated 
that water contains hydiogen and oxygen, 
so that it can now be said tliat : Hydrogen 
in burning produces water, wbicb is, there- 
fore, an oxide of hydrogen. 

Proportions of oxygen and hydrogen 
in water. — The proportions in wdiich tlie 
oxygen and hydrogen combine during the 
formation of water must now^ lie considered. 
This may be doi.e in either of two w^ays — 
viz. by finding the wuuglits of tl^e gases, 
or by finding tho volume of the gases, wdiich 
combine. For the latter purpose it is neces- 
sary to measure out definite volumes of 
oxygen and hydrogen, cause hem to combine, then measure the 
volume of gas \^hich remains uncombined and ascertain which 
gas it is. This is usually done in a piece of apparatus known 
as a eudiometer (Fig. 232). In its simplest form this consists 
of a Iftpg glass tube closed at one end and graduated in equal 
volumes, usually cubic centimetres, by divisions marked on the 



form of eudiometer The 
arrangement of the pla- 
tinum wirtvs iH hIiowu 
in the enlarged top of 
the eudiometer 
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glas^s. Till opposite side.s of the tube, at the closed end, pieces 
of wiu* ai‘(‘ passed and fused into the glass, being so 

aiT.iiiged that they do not (pnte touch one another. Outside 
the tube the jilatinuin wires are bent into loups to which wires 
from an electric (‘oil may be attached so tjuit ^in electi'ic spark 
can be passed bet\vt‘en t}u‘ ends of the ])Iatiiuini wires inside 
th(‘ tul)e to CAplode tlie mi\(‘d gases djie effect is not essen- 
tially (‘lecti'ical. The spark sinijily sei v^ed the purpose of 
raising tln^ temperatue of the mixture to the ])oint of ignition. 
Using an instiunauit of this kind, it can be proved that 
2 volumes of hydrogen combine with 1 volume of oxygen to 
form water. 

Such a process as this — th(* buanation, that is, of a compound 
from simpler materirds - is known as a synthesis. 

The same fa(*t ma\ also In* found by the analysis of water — 
that is, by breaking the licpiid up into its components, which 
can be dom* by nu'ans of an (de('tric current. The apparatus 
shown in Eig "231, and (*alled a voltameter, may be used. 
Water slightly ac idulated to render it a conductor of elec- 
tricity has an decliic curumt passed through it between 
electrodes of platinum. The clectiic c'nrrent tears apart the 
constituents of water and liberati's them separately, one from 
each electrode. At the electrode where the current enters 
tli(' liquid, calltMl the anode, ox \ gen is set free, while hydrogen 
bubbles from the kathode. Jf the gases are collected in tw'o 
test-tubes inverted over the electrode.s, it will soon be obvious 
that the decomposed water yields tw'o volumes of hydrogen 
to each volume of oxygen. Such decomposition or breaking up 
of chemical compounds by means of an electric current is called 
electrolysis. This method* of analysis is applicable to many 
other chemical compounds as \vell as water. Electrolysis is 
not only of scientific intere.st, but of great commercial and 
industrial importance. 


97. COMPOSITION OF WATER BY WEIGHT. 

i. Action of hydrogen on heated copper oxide. — Arrange an 
appaiatus like that shown m Fig. 233, m which a flask A for the 
making of hydrogen us connocted with the bottle B containing strong 
sulphuric acid. The passage of the hydrogen through the strong 
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acid completely dries the gas. A small amount of the black oxide 
of copper is placed in the hard glass tube AC^ which is about I ’5 
centimetres in diameter, and fitted with the tube I) in the manner 
shown. When 3^ou are sure that pure dry hydrogen is escaping 
from the open end of Z>, heat the oxide of copper in the tube by 
means-of the burner E. In a few minutes moisture will be seen to 
collect in the tube il, and presently to drop into the dish put to 
collect it. 

Examine the residue i ' the l^ird glass tube, and note* its change 
to a reddish colour ; this is due to the presence of copper. 

Rearrange the apparatus, using the U-tube G in the place of the 
tube D. The U-tube G containing lumps of calcium chloride is 
employed to collect the water formed. 



Fio. 233 — When hydrogen m |l*|S8ed over heated oxide of copper it 
extracts the oxygen, with which it foriiib water, and leaves copper 
behind. 


ii Composition of water. — Put some copper oxide into the tube 
AC\ and carefully weigh the tube. Similarly the weight of the 
U-tube G and its contents must also be determined. As in the 
last experiment, when you are sure pure dry hydrogen is escaping 
from the open end of (r, heat the copper oxide by means of the 
laboratory burner. Be sure that all the water formed is collected 
by the U-tube. If any condenses at the end of the hard glass tube 
ACy drive it over by heating the tube at this place. 

Allow the tube AG to cool. Disconnect it at .4 and (7, and again 
determine its weight and that of its contents. Notice the dim- 
inution in weight. Also weigh the U-tube again, and observe its 
increase in weight. 

o 

Belative weights of the constituents of water. —To find 
the composition of water by weight — that is, the weights of 
oxygen and hydrogen which combine to form water — it should 
be noticed that we only require the weights of two out of the 
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three substances concerned, i.e. if we kno-lv^ the weights of 
hydrogen and water (or of oxygen and water), the weight 
of the oxygen (or hydrogen) is readily calculated. The experi- 
ment is done by finding the weights of the oxygen and water, 
and for this it is best to use, not oxygen itself, but some oxide 
which readily gives up its oxygen to the hydrogen, so that by 
weighing the oxide before and after ’the experiihent we can 
ascertain the weight of oxygen which it has lost. The oxide 
used for this purpose is usually oxide of copper, a black powder, 
which it has been seen is obtained when air is passed over red 
hot copper. Pure dry hydrogen is passed over the heated 
oxide, and it combines with tlie oxygen of the oxide to form 
water and leaves the copper behind. 

By weighing the water produced and subtracting fi*om it the 
weight of the oxygen used, the weight of the hydrogen can be 
found. If the experiment is carefully performed it is found 
til at water is formed of eiglit-nintlis its weight of oxygen with 
one-ninth its weight of hydrogen. 

This experiment, also taken in conjunction with other experi- 
ments upon the volumes of the gases, proves further that any 
Toluaie of oxygen is 16 times heavier than the same volume of** 
hydrogen. 


98. HARD AND SOFT WATERS. 

i. Solution of chalk in water. — Pa.ss the gas obtained from an 
apparatus like that shown in Fig. 234 containing pieces of marble on 
which hydrochloric acid has been poured, into clear lime-water until 
the solution is clear again, after hrst becoming milky. Boil a part 
of the clear solution in a test-tube. Observe the return of the 
milkiness. What is the cause? 

Boil in a flask a little yatural water which is hard because of the 
presence of chalk ; observe that the water becomes milky. 

li. Soap solution to test the hardness of water. —Dissolve some 
Castile soap in spirits of wine and label the solution “soap solution.” 
Add a few drops of soap solution to distilled water. Shake the 
mixture. Notice a lather is easily formed. 

iii. Temporary and permanent hardness of water. —(a) Add soap 
solution to some of the clear solution obtained •by passing carbon 
dioxide for some' time through lime-water (Expt. 98 i.). Snake the 
mixture, and observe that a lather is formed only after a consider- 
able quantity of soap solution has been added. 

(&) Similarly show, that it is difficult to make a lather with a 
solution of calcium chloride. 
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(c) Boil portions tho solution in the last two experiments before 
adding the soap solution. Soap lathers in the first solution quit«r 
easily after it has been boded : boiling makes no difference to the 
i|fc<^ond solution. 





* Fig, 234. —When carbon dioxide is passed into clear lime-water, tho 
water turns tnilky, and afterwai* cl^rs. Tho milkiness is again 
obtained by boiling the lime-wa cer. 

iv. Hardness of sea-water. — Try whether the soap solution ^|||m8 
a lather when shaken up with sea-water. Does boiling mak^any 
difference ? 

Natural waters. — The great solvent power which water 
possesses has been studied already. It is in consequence of 
this that perfectly pure water does not occur naturally. At 
the moment of its formation rain is pure water, yet no sooner 
is it formed than it begins to dissolve 'various substances. In 
its passage through the air it takes up varying amounts of the 
gases which make up the atmosphere, such as oxygen and the 
gas called carbon dioxide. When the surface of the earth 
is reached, the water dissolves portions of all the soluble 
ingredients of tl^e soil and the underlying pocks. The most 
soluble bodies are, of course, dissolved to the greatest extent. 
The solvent power of water is considerably incueased by the 
presence of the carbon dioxide it dissolves, partly from the air 
and partly from the soil 
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The sea, from long contact with the eartll and theisoluble 
FrffHstances in it, is charged with dissolved matter, so that its 
water is salt The fresh waters of rivers and springs have only 
a small proportion of the substances which give the strong 
taste to sea w'ater 

The substances dissolved are cliiefly sulphates, carbonates, or 
(•blondes of calcium, sodium, and uiagn(_*siuni, the (quantity 
present v^arying from 0 05 gnu. to 3 gnu. jier litre. River water/ 
ahvays contains lc‘ss dissolved matter than spi-ing or well water. 
We can understand why this is so by remembering that rivers 
are chiefly fed by surface water, that is, water wdiich has not 
been in (intact with the mineral substances through which 
spring water passes on its way to the surface. 

The impurities in river water may be of two kinds, suspended 
and dissolved. The former, wdiich consist of insoluble sub- 
stances and cause the muddy appearance of rivers after rain, 
may be removed by filtration. Dissolved impurities are 
separatc'd from the w’ater when it is evaporated. If the 
escaping vapour be condensed, pure water is obtained. 

The chief substance in sea waiter is common salt, and in some 
countries, wdiere this coinpoiind is not found in mines, as it is in 
England, the sea w^ater is evaporati^d and the crystals of salt 
as they form are removed and dried. The li(piid remaining 
cont^ns magnesium chloride. In England it is the custom some- 
times to fl(K)d the salt mines with water, allow it to remain till 
saturated with salt, and then to pump the salt solution, or brine, 
to the surface and evaporate it in large flat iron vessels called salt 
pans. The salt is thus obtained either as a fine white crystalline 
powder or in large crystals according to the rate at which the 
evaporation proceeds and ^o the time during which the crystals 
are allowed to remain in the liipiid after they are formed. 

When a natural water, other than sea water, is strongly 
charged with dissolved substances it is called a mineral water. 
Waters which contain acompound of sulphur and hydrogen, called 
sulphuretted hydrogen, are spoken of as sulphur waters ; if some 
compound of iron is the substance which has Jieen taken up in 
large quantities, we have chalybeate waters formed. Effervescent 
waters contaiiva great Amount of dissolved carbon dioxide. 

Hard and soft waters.- -It is a fact familiar to every one 
that soap lathers very easily in some waters and not at all 
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in others. If ri»in-water be used, the lathering takes place 
with great ease, while with the water which is supplied to some 
towns a lather can only be made with difficulty ; and if we 
attempt the same process in sea-Avater there is no lathering at 
all. Those waters 'in wliich soap lathers easily are said to be soft. 
When this is not th6 case the water is spoken of as hard^ The 
explanation is a simple one. Water dissolves materials out of 
the rocks below the ^soil, and often takes up, among other 
things, compounds of calcium and magnesium, which unite with 
soap forming a new compound of an insoluble kind ; and, in 
consequence, there is no lathering until all the calcium and 
magnesium have thus combined with soap, after whicR the 
solution and lathering of the soap begins. The soap which com- 
bines with the dissolved materials is, of course, wasted. 

Temporary and permanent hardness. —Hard waters differ 
among themselves. Some can be softened by mere boiling, and 
this is the case the hardness is said to be temporary. If 
the hardness is not reraoved^after the water has been boiled,* 
and the water requires the addition of a chemical to soften it, 
such hardness is termed permanent. As has already been men- 
tioned, the presence of carbon dioxide in water gives it the 
power of dissolving substances which would be otherwise 
insoluble in it. Chalk, known to chemists as calcium carbonate, 
is insoluble in pure water, but in water in which there is carbon 
dioxide it dissolves to a considerable extent. As soon as this 


dissolved gas is got rid of, which can be done by boiling, the 
chalk, being no longer s^^hle, is thrown down upon the sides 
of the vessel. It forms^n this way the incrustation which is 
fdiind on the insides of kettles and boilers 
(f'ig- 235). . 

» ! Permanent hairdness is due to tlie 

presence of dissolved calcium sulphate 
".r If and other compounds. Since these sub- 
stances are soluble in pure water, mere 

Fio. 235.--The dejiosit, or boiling will not get rid of them. Wash- 

fur in a kettle consists i*ij* r c 3 * 

chiefly of chalk. r whic* 18 a form of sodium 

carbonate, softens such water as tliis by 


causing the formation of calcium carbonate in the place of the 


calcium sulohate. 



densed, the water formed is qtiite pure. To -obtain puSe 
•water, from any kind of water, then, whether fresh or salt, 
all that has to be done is to boil it and condense the steam 
which is given off. The dissolved materials are all left behind 
in the vessel in which the boiling takes place. An arrange- 
ment for condensing steam or vapour is shown in Fig. 226. 
The steam driven off from the water in the retort passes into 
a flask kept cool by resting upon a basin of cold water, and 
is thus condensed. 


CHIEF POINTS QfiJjaAPTEB XXV. 

Water is a clear li(mid with a bhie^rteh colour. It boils at 100° C. , 
when it is convt^rtea into steam. It freezes at 0°C., l>ecoming ice. 
Its density at 4''C. is 1. It possesses great solvent power. 

Preparation of hydrogen! — Hydrogen is best prepared by acting 
upon a dilvilr acid with a metal. Sulphuric acid and zinc have l)een 
found t(i he siiitafile. 

Properties of hydrogen. — It is a colourless, odoiulcss gas, con- 
siderably lighter- than air. It does not support cornljustion hut 
itself burns in air. It forms an explosive mixture when mixed with 
air or oxygen. ^ 

Production of oxide of hydrogen. — collecting the proihu t of 
combustion when iiydmgen is burnt, examining it, it is fountl 
to be a clear- li(|ui(l witli density 1, bWling point 100° C., fit czing 
point 0°C. riic product, or oxide of hydrogen, is thus sct ii to be 
really water-, Jfy<lro(jeri in buriiing produces waftr, whlvh /s. there - 
forti an oxide of hydrogen. 
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Composition of ^«rater by volume. — Tins can be determined by 
means of a (audiometer. Two volumes of hydrogen combine with one 
volume of oxygen to form water. 

The analysis of water is effected by passing an electric current 
through water contained in a voltameter. 

Composition of water by weight.— Pure dry hyd»^ogen is passed 
over heated oxide of copper. The hydrogen combines with the 
oxygen of the oxide, forming waP'r, and leaves the metallK.* cojiper 
behind. The water forjaed is colh'cted and vraghed. The eojiper 
oxide is weighed before and aftei the experiment. Its loss in weight 
shows the amount of oxygen in the watei formed. The ditlerence 
between tlie weight of the* water formed and the oxygem it contains 
tells us the weight of the hydrogen in th(‘ water. When carefully 
performed, the experiment shows that water is formed of enjht-mnths 
its weight of oxygen and one-ninth its weight of hydrogen. 

•Natural waters geruTally contain dissolved materials. When the 
amount is very large the water is called a mineral water. Natui’al 
waters containing sulphun^tted hydrogen are called sulphur waters ; 
those containing compounds of iron are called chalybeate waters ; 
and those containing much carbon dioxide are spoken of as efferim- 
emit. 

Hard and soft waters. Those wateis in which soap lathers (*asily 
are said to ha soft. When such is not the case the water is spoken 
of as hard. Hard waters whi(*h can be softcni'd by boiling are said 
to have temporary hardness If the watei cannot tie thus softened, 
but requires the addition of a chemical, its haidiiess is said to be 
permanent. 


QUESTIONS ON CHAPTER XXV. 

1. Describe three different metluKls by which hydrogen may be 
obtained from water. 

How would you prove that air contains one of the constituents of 
water ? 

2. What are the chief impurities m common water? How uould 
you obtain pure water ? Make a sketch of tlie nece.ssary apparatus 
and explain the use of its several parts. % 

3. What chemical reaction takes place* when a small piece of 
metallic sodium is thrown into water ? 

How would you test whether the solution left is acid or alkaline, 
and how would you prepare from it some common salt in the 
crystalline state ? 

4. Enumerate the differences in physical properties exhibited by 
sea and fresh watet reispectively. How can a specimen of common 
salt be prepared from sea water ? 

5. Blue vitriol heated over a lamp becomes white ; on being 
treated with water the blue colour is restored. Explain the reason 
of Jhese changes. 



CHAPTER XXVI. 


CARBON AND SOME OF IT8 COMPOUNDS. 

99. POEMS OF CAEBON. 

i. Caxbon is obtained in organic substances. — Heat a series of 
organic substances, such as meat, wood, potato, egg, etc., in a 
crucible, and notice in all cases the production of a black residue, 
consisting largely ot carbon. Heat niori' strongly and observe that 
It burns aw'ay, leaving an almost colourless asli. 

ii. Properties of carbon. — Examine and wnite dow’n the properties 
of as many of tlie following foims of carbon as you can obtain: 
diamond, blacklead, w'(Kxl-ehare(>al, bom^-blaek, and soot. 

iii. Charcoal is porous.— (a) Show that charcoal floats in cold 
W'ater. In boiling w'ater cliarcoal sinks after a time, and then will 
not float again unless thoroughly dried. This is because air is 
driven out of the charcoal by the w'armth of the water. 

{b) Fill a large test-tube with ammonia gas (see p. 395) over 
mercury, and show' that it can be absorbed by introducing a small 
lump of cliarcoal. This is a striking proof of the porosit}" of carbon. 

Forms of carbon. — Carbon is a substance which is very 
widely distributed in nature, being present in all living matter, 
and in most products resulting fiom vital activity. 

Carbon occurs, combined wdth other substances, in many rock 
mas.ses, being a constituent of all the minerals known as car- 
bonates. Combined wdth oxygen as. carbon dioxide, it occurs in 
the atmosphere and dissolved in spring waters. 

Diamond. —In the pure state carbon exists in various allo- 
tropic forms (p. 379). Of these the purest and the most valuable 
is the diamond. Tliis form of carbon is crystalline, and very 
hard, being capable of scratching all other materials. Its re- 
fractive index (p. 224) is very high, and on this depends its 
brilliancy as a gem. Diamond is proved to consist of carbon by 
burning it in air or oxygen, when only carbon dioxide results. 

361 
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Blacklead or ^graphite is another form of almost pure 
carbon, with properties totally different from those of the 
diamond. It is opaque and black, and so soft that it will mark 
paper. It is really a crystalline form of carbon, although 
good crystals ar^ not very common. It occurs naturally in 
mines, chiefly in Cavifornia, and was formerly largely obtained 
from Cumberland. Besides its use for lead pencils, it is also 
used as a lubricant. ! 

Amorphous varieties^— Other forms of more or less pure 
carbon in ? i^crystallised or amorphous state are coke, and gas 
carbon, which result from the heating of coal lampblack, |mich 
is the carbon deposited by oils, etc., burning in an insumcient 
supply of oxygeq, ; and ^ood charcoal, obtained by heating wood 
in closed retorts or in stacks under earth. 

Charcoal has thd power of absorbing colouring matter, and on 
the latter account it is used for decolorising solutions coloured 
by organic matter. Animal charcoal is really a misleading term, 
as the qj^'antity of carbon present is usually only about 10 or 12 
per cent., the remainder being chiefly bone ash. 

Both animal and wood charcoal are very porous substances, 
and they have the power of absorbing gases* to a large extent. 
Wood charcoal is use4 considerably on the Continent for heat- 
ing purposes. Both kinds are useful in destroying noxious 
vapours. 

Coal contains large quantities of cai^^n, ^specially the harder 
or anthracite coals, where the quantity may reach 94 per cent., 
being, however, only about 65 in brown coal or lignite. 

Whenever any of the kinds of carbon burn freely in a good 
supply of air or oxygen, carbon dioxide is the compound formed, 
thm affording evidence that the three varieties are only ailo- 
tropic forms (see p. 379) of the simple s,ub8tance carbon. 


lOa CABBON DIOXIDE PBODUGED BY BUBNINO 
AJND BBEATHma. 

< 

1 Whm earbon is burnt carbon dioxide is formed.— (a) Heat 
itroiQ||Iy a piece of charcoal in a closed hard glass test-tube and show 
air it does not bum. 

V^^mi^iend a piece of glowing charcoal in a bottle oontainina 
I^ake up aim show that the lime-water is tnmed 
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milky. Carbon dioxide can always be distingui\?5hed by this action 
upon lime-water, for it is the only common, colourless, inodorous 
gas which turns lime-water milky. 

ii. Carbon dioxide is produced by a burning candle. — (a) Burn a 
candle or taper in a clean dry white bottle (Fi<5. 214). After the 
flame has been extinguished, withdraw the taper. Pour a little 
freshly made lime-water into the bottle and shake it up. Notice 
the milkiness of the lime-water. 

(b) Cut a long thin chip of wood, hold it in the flame* of a labora- 
tory buraer until it bums brightly, then thhist it into a cylinder or 
bottle, the bottom of which is covered with lime-water to the depth 
of about an inch. When the st’ck ceasos to burn, witlijraw it and 
shake the lime-water. \ ^ 

iii. Carbfn dioxide proceed by breathing. — {aj Blow through 
piegj^of glass tube into some clear, freshly -Inade lime-water con- 



|PFio, S87. — The air breathed 
frj|a the land's c.vnitains 
oimi, and will turn clear Hul^- 
water milky. 



Fio. 288.^ — Air drawn into J does not 
^ turn the lime-water milky ; but when 
blown throu{:?h B from the lungs the lime- 
water in A is tuened milky; 


tained iti a, wine-glass or tumbler. Milkiness is at first produced, 
but if tlie blowing is continued long enough it disappears. 

Fill a jar with water and invert it in a basin of water. Blow air 
frf)m your lungs into the jpo* by means of a tube. When the jar is 
full of air place a glass ^late under it and lift it out of the water. 
Show that the air will extinguish a lighted taper. 

(/>) Repeat the two preceding experiments by blowing air from a 
bellows instead of from the lungs. Notice that this unbreathed air 
has not the same effects upon a lighted taper or lime-water as 
breathed air. 

iv. The air contains carbon dioxide. — Pour some clear lime-vAter 
into a blue dinner plate, or some other sballou vt ssid of a dark 
colour. Leave it exposed to the atnuKsplK'n' foi- a little wliile. 
Notice the thin white scum foinu'd on the top. The carbon dioxide 
in the air has turned the top layca- of liipiid milky. 

V. Breathing changes the character of air. J^'it t wo liot llcs ^vith 
corks and tubes as shown in 1^’ig. 238. See tliat the corks are air- 
L.S, I. X 
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tigM. Put some^lear lime-water into each bottle. Place the tube 
C, or an india-rubber tube leading from it, in your mouth. When 
you suck at the tube, air is drawn in through the glass tube which 
dips into the lime-water in the bottle A. When, however, you 
blow instead of sticking, your breath passes out through the tube 
which dips into the lime-water in the bottle B. Notice that the 
lime-water in A remUins clear, but that in B is rendered milky by 
the air you breathe out. You thus see that fresh air has little effect 
upon lime-water, but ^jreathed air quickly turns clear lime-water 
milky. 

vL Oxygen from plants,-* Fake a •unch of fresh watercress, or 
water weeds, and put it into a bt ak ” gla-ss jar very nearly filled 

with water saturated with 



carbon dioxide. Cover the 
plants with a funnel nearly 
as wide as the jar, as shown 
in Fig. 239. Fill a test-tube 
with water and inv^ert over 
the funnel. If properly 
managed there shoula at 
first be no gas in the test- 
tube. Place the jar in bright 
sunlight for an hour or two 
and then examine it. You 
will notice bubbles of a gas 
have collected at the top of 
the tube. Test the gas with 
a glowing splinter of wood. 
It is found to be oxygen. 

vii. Plants In sunlight and 
^ darkness. — Repeat the 
hvhole experiment, but in- 
stead of putting the lx)ttle 
in bright sunlight place it 
in the dl|tk. Observe that 


k Pio. 289.— Green plants in bright sunliftt 
Ian decompose carbon dioxide. They keep 
the carbon for themse-ves and liberate the 
axygen. 


in such circumstances no bubbles ol oxygen are formed. 


viii Carbon in plants. — Take some green portions of a plant 
(leaves will do) and heat them on a piepe of tin plate over a labora- 
tory burner. Note that they become charred, showing the presence 
of carbon in them. 


Production of carbon dioxide by burning. —When things 
such as candles, oil, gas, and wood are burnt either in the air or 
in pure oxygen, a gas is produced which has the power of turn- 
ing lime-water vnilky. All these substances contain, in one 
form or another, a constituent called carbon. As you have seen 
in previous chapters, the gas produced when these substances 
burn is carbon dioxide, that is, the gas obtained by burning 
carbon in air or oxygen, In fact, whenever a substance rich in 
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carbon burns in a plentiful supply of air or oxygen, this carbon 
dioxide is produced. Knowing how many fires there are in 
houses, furnaces, engines, and so on, it is not difficult to under- 
stand that at every hour of the day very large quantities of 
carl)on dioxide are formed, which escape, sooner or later, into 
the air. 

Carbon dioxide is given off in breathing.— If a person 
blows with the mouth into clear lime-water the lime-\vater^ 
turned milky. This is another important fact. It is clear that 
carbon dioxide escajies from our mouths in breathing ; and so 
it does from every animal. Not only, then, do all cases of ordi- 
nary burning result in the addition of carbon dioxide to the air, 
kut also every act of breathing. It does not matter how si md l 
an animal is, all the tiine it is alive it is continually adding® 
the atmosphere a certain amount of the colourless, ^^dourlemUB 
which puts out dames and turns lime-water milky. 

Purifying action of plants. —That there is alway^Hfllill 
amount of carbon dioxide in the air can be proved by exposing 
fresh lime-water in a shallow vessel. Very soon the lime-water 
becomes covered with a thin white layer of chalk, which is 
formed by the combination of the carbon dioxide in the air with 
the limeji||i^e lime-water. One reason wdiy there is never very 
much in the air out of doors is because there is 

an ageW^ontinuously at work getting rid of this gas. This 
agency is the green parts of plants whi(‘h occur everywhere. 

When fresh w’atercress is put into a bottle completely full of 
w^ater containing carbon dioxide in solution, and the bottle is 
inverted in a basin of water without allowing air to get into the 
bottle, it is found that, when the bottle and its contents are 
exposed to bright sunlight* bubbles of gas collect at the top of 
the bottle. These bubble.s, when tested, are found to be pure 
oxygen. If, however, the bottle wnth the cress in it is kept in 
the dark no bubbles of oxygen collect. Or, if a bottle of w^atejt^ 
in which carbon dioxide is dissolved be put in sunlight, without 
any watercresMio oxygen collects in the top of the bottle, 

In other woms, two things are necessary for the formation 
of the bubbles of oxygen collected from the green plant as 
described. They are (1) the vegetation, (2) the sunlight. The 
same conditions have been found to hold true always, thus 
proving that green plants in the presence of bright sunlight have 
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the power of turxiing: oxygen out of carbon dioxide. They keep 
the carbon for themselves, and it helps them to grow. If the 
experiment were carefully performed it would be found that the 
watercress had irxjreased in weight after being exposed in these 
circumstances to bright sunlight for some time, ^ ' 


101. PRODUCTION OF CARBON DIOXIDE FROM 
CHALK BY THE ACTION OF AN ACID. 

i. Preparation of carbon dioxide. — Into a flask or bottle, fitted 
like that in Fig. 240. place some chalk, or small pieces of marble. 
Place the delivery tube in a glass cylinder or a jar with a wide 
mouth, A disc of cardboard, through whicli the delivery ‘ tube 
passes, should rest on the top o^he jar. Pour dilute hydrochloric 



Fio. 240.— Apparatus for the pro- Fio. 241.— Carbon dioxide gas 

paration and collection of carbon heavier tlian air, and can therefore 

.dioxide. bo poured from B into like a 

, l^uid. 

acid down the funnel. During the effervescence a gas is given off 
and collects in the jar. When a Imrniiig taper is extinguished 
immediately it enters the jar, take out the delivery tube and put 
it into another jar. Cover the first jar of gas with a disc of card. 
In the same way collect several jars of the gas. 

ii. Properties of carbon dioxide.— (a) Notice that the gas is (1) 
invisible and without taste or smell ; (2) extinguishes a lighted 
taper ; (3) must be heavier than air or it could not be collected in 
the way described. 

(/>) Four the gas from one jar (B) into another (^ ), as shown in 
the diagram (Fig. 241). and test both jars by a lighted taper. It 
will be seen that tlie lower jar contains the carlxm dioxide. 
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ill Acid solution formed by carbon dioxide. — Pour a little T^ater 
made blue with litmus into a jar of the gas and shake it up. Some 
of the gas dissolves, and the colour of the solution turns red. Boil 
the solution ; the carbon dioxide is driven off, and the blue colour 
IS regained, 

iv. Action of carbon dioxide on lime-water. —rass tne gas from the 
delivery tube through some lime-water. Observe that a milkmess 
IS produced, owing to the prodiujtion of a white powder or precipi- 
tate^ which disappears after a short time. • 

Boil the solution thus obtained, and notice that the milkiness 
again appears. 

Filter the milky solution, and so obtain tlie white powder on a 
filter paper. Add a few drops of dilute' hydrochloric acid to the 
powder. Notice the effervescence. Test the gas which is given off ; 
it puts out a flame. 

Preparation of quantities -of carbon dioxide.— Though 
carbon dioxide is produced naturally by burning and breathing, 
and it also escapes from the earth in some regions, there are more 
convenient ways of obtaining the gas. Experiments show that 
when an acid is added to chalk, marble, or limestone, a gas is 
given off which puts out flames, turns clear lime-water milky, 
and possesses all the properties of cai bon dioxide — it is, in fact, 
carbon dioxide. The best way to prepare bottles or jars of the 
gas is to place pieces of chalk or marble about the size of peas 
into a bottle fitted like that in Fig. 240. Dilute hydrochloric 
acid is poured down the thistle funnel, and when it comes into 
contact with the marble, the gas is given off‘. Enough acid is 
poured in to cover the lower end of the funnel, so the gas cannot 
escape up the funnel ; the carbon dioxide passes through the 
other tube in the cork. The gas given off is heavier than air, 
and can therefore be collectediis shown in Fig. 240. As the gas 
accumulates in the jar, thci air is pushed out at the top. After 
several bottles or jars h^ve been filled, the properties of the gas 
cah easily be examined. 

Properties of carbon dioxide.— An examination of the gas 
shows that it is colourless and has no smell. As it is heavier 
than air it can be poured downwards just like a liquid (Fig. 241). 

Carbon dioxide is slightly soluble in water, End the solution 
which is thus formed turns a blue litmus paper red, just as 
acids do. For. this reason the solution of carbon dioxide in 
water is often called carbonic acid, and the carbon dioxide its^ 
is sometimes spoken of as carbonic acid gas. The gas has tfad 
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property of extinguishing the flame of a taper or match, and is 
consequently called a non-supporter of combustion. 

Action of carbon dioxide on lime-water.— If carbon dioxide 
is passed into lime-water a milkiness is seen, but if the passage 
of the gas is continued the milkiness by and by disappears. If 
the clear solution which results after the disappearance of the 
white powder or precipitate is boiled, the milkiness again makes 
its appearance. The reason of this is that the white substance of 
which the precipitate is formed dissolves in water which has 
become saturated with carbon dioxide. When the clear solu- 
tion, which appears after the solution of the powder, is boiled, 
the carbon dioxide is driven out of it, and the liquid again 
becomes pure water. The precipitate reappears, because it will 
not dissolve in water. 

The chemical change when carbon dioxide is passed into 
lime-water. — What are the facts taught by the experiments 
described ? When an acid is added to the white powder formed 
when carbon dioxide is passed into lime-water, a brisk efler- 
vescence is noticed and the colourless, odourless gas given ofl’ is 
found to put out a flame. But this is just what hajipens when 
the acid is dropped upon chalk, and putting the fat;ts together 
they suggest that the white powder is really chalk, so that 
carbon dioxide gas combines with the lime in the lime-water 
to form chalk. We can write : 

Carbon Dioxide Iame Chalk. 

From this statement it will also be seen that chalk consists of 
lime and carbon dioxide. Further evidence of the truth of this 
will be learnt later. 

Uses of carbon dioxide. — The fact that carbon dioxide is a 
non-supporter of combustion is made use of in many forms of 
chemical fire extinguishers, which generally contain solutions of 
the gas under pressure or a means of producing large quantities 
of it by the action of acid upon a carbonate solution. As 
burning cannot take place in this gas, the flames are therefore 
extinguished wh^n the gas reaches them. 

The solubility of carbon dioxide in water is increased by 
pressure, and the sparkling nature of the various aerated waters, 
like soda-water, is due to the carbon dioxide with which they 
have been charged at high pressures, which escapes when the 
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pressure is reduced to that of the atniosphei^e by opening the 
bottle. As the pressure is very great, the bottles used as fire 
extinguishers have to be very thick. 

Carbon dioxide is also produced during fermentation, the 
“ rising ” of bi\ead being due to the escape ^of the gas which is 
generated by the fermentation, under the influence of the yeast, 
of the saccharine matters formed from tike starch. 

Carbon dioxide will not support life, and is sometimes used 
for suffocating stray dogs and cats. 

By cold and pressure carbon dioxide may be liquefied and 
also solidified, forming a soft white substance, which when 
mixed with ether forms a powerful freezing mixture, the tem- 
perature sinking to about - lOO*" C. 

Occurrence of carbon dioxide. — Carbon dioxide has been 
already stated to exist in the atmosphere, and to be produced 
by the oxidation of animal and vegetable tissues ; also that 
under the influence of sunlight it is reconverted by the green 
parts of plants into itvS constituents, of which the carbon is used 
by the plant in the formation of new tissue. The gas is found in 
many natural gaseous emanations, and is frequently present to 
a large extent in the gases of caves and underground passages, 
where, owing to its high density, it tends to accumulate if 
formed by fermentation or other natural processes. In expired 
air, carbon dioxide is present to the extent of about 4*7 per cent. 
Although such air is not again respirable, this is probably due to 
the diminution of the oxygen, for it is doubtful whether carbon 
dioxide has any direct poisonous effect. The proportion of 
carbon dioxide may be increased even to 20 per cent, without 
immediate serious effects if only the quantity of oxygen bo 
increased simultaneously. 


102. PRODUCTION OP CARBON DIOXIDE BY 
HEATING CHALK. 

i. Change produced by heating chalk.— Place a little powdered 
chalk [not blackboard chalk) on a piece of platinum foil, and heat it 
strongly for some minutes in the flame of a laboratory burner. If 
platinum foil is not at hand, heat a lump of chalk on a piece of 
coarse wire gauze for some time. Or, powdered whiting may be 
heated on a piece of thin tinplate. The latter is, however, a long 
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process. After heating, shake the powder on to a damp red litmus 
paper. Observe that the red litmus paper is in places changed to a 
blue colour. 

ii. Action of lime upon litmus. — Test some wet lime with litmus 
paper. Observe tha t it changes the colour of red litmus to blue. 

iii. Powder obtained by heating chalk. — Shake up in ordinary 

tap- water some of th^ powder obtained in Kxpt. by heating 

chalk on platinum foil. Filter, or allow the jiowder to settle ; 
then taste and notice th(f peculiar taste of lime-water. 

iv. Solution of lime in acids. — Dissolve some lirne in hydrochloric 
acid, and evaporate the solution to dryness. Note the formation of 
a white solid, which rapidly absorbs moisture from the air and 
liquefies. It has been previously used in experiments under the 
name of calcium chloride. 

V. Composition of chalk. — Place a few small pieces of chalk in a 
test-tube. Add dilute hydrochloric acid until the effervescence, due 
to the production of carl>on dioxide, ceases (see Kxpt. 101 i.). 
Filter the solution remaining in the test-tube and evaporate it. 
Notice the substance left ; it is not chalk, but calcium chloride. 

vi. Slaking of lime. — To a lump of fresh lime add a little cold 
water. Observe that the lump gets very hot and swells up. 


Chalk undergoes a change when heated.~~lt is easy to 
prove by putting some powdered chalk upon a piece of moist 
red litmus paper that this substance is unable to change the 
colour of the paper. If, however, some powdered chalk be 
strongly heated on a piece of platinum foil in a laboratory 
burner and then placed on a piece of moist red litmus paper, 
the red colour is changed to blue. The chalk undergoes some 
change when heated, or it would not acquire this new pioperty. 
The same chemical change as occurs when a little powdered 
limestone, or some chalk, is heated on platinum foil takes place 
on a large scale in the limekiln. In other words, when chalk 
and limestone are strongly heated they are changed into quick- 
lime. The change is brought abouteby driving carbon dioxide 
out of them. ' 


when heated 

jChalk splits up Lime and 
into 


Carbon 

Dioxide. 


Changes produced by adding acid to chalk.— When hydro- 
chloric acid is ddded to a little chalk a brisk effervescence 
occurs and a colourless, odourless gas which turns lime-water 
milky is given off. 

If hydrochloric acid is poured upon a known weight of chalk, in 
such a way that all the gas evolved is got rid of, it is found that 
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the proportional loss of weight of the chalk is*equal to the loss of 
weight on heating, thus showing that chalk contains a definite 
proportion of carbon dioxide gas. 

If the solution remaining, after the efferv(*scence of the chalk 
with the acid has ceased, is filtered and evaporated, a new sub- 
stance known as calcium chloride is obtained. So that, from 
chalk and hydrochloric acid, it is possible to produce carbon 
dioxide, calcium chloride, and water (which is driven ofi[‘ by 
evaporation). 

Substances which, like chalk, evolve carbon dioxide when 
acted upon by an acid are known as carbonates, and lumierous 
carbonates exist, all possessing similar characteristics. Many of 
these on heating also give oil carbon dioxide, the residue being 
known to be an oxide of a metal, so that they consist of carbon 
dioxide and a metallic oxide. 

This leads to the idea that lime is also the oxide of a metal, 
and this view is now known to be correct, the metal being 
named calcium. Lime, therefore, is calcium oxide and chalk 
calcium carbonate. 

Lime. — Lime produced by heating chalk or limestone — both 
of which are carbonates — is a white solid, which, if heated 
sufficiently, glows and emits a brilliant white light. It is on 
this account employed for the production of the limelight, 
where a small, hard cylinder of lime is strongly heated in an 
oxy-hydrogen or oxy-coal-gas flame. 

When water is added to freshly burnt lime, or quicklime, as 
it is termed, the water combines with it with the evolution of a 
large amount of heat, which is enough to boil the water if the 
quantity of lime is large. This can be seen at any time when 
bricklayers are prepariAg lime for making mortar. This 
addition of water to fime is called slaking it. and the altered 
lime is known as slaked lime. Lime dissolves to a slight extent 
in water, forming lime-water. 


103. CABBON MONOXIDE. 

i Preparation of carbon monoxide. —In a hard glass tube A J?, place 

some iron filings. Pass over these filings a current of carbon dioxide, 
dried in the usual manner. Heat the filings, and let the end B of 
the tube dip under a strong solution of caustic potash, which 
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absorbs any unchanged carbon dioxide, a tube containing the same 
liquid being inverted over the end (Fig. 242). Observe that the 
bubbles of gas wh^ch come from the end of the tube are almost com- 
pletely absorbed, but that a gas slowly collects and fills the tubq^ 
T ike out the tube and apply a li^^Jt to the gas. Observe that 
Imrns with a blue flame. 



^ Lower oxide of carbon.- If a coke oi\^ charcoal fire be 
obferved, flames of a peculiar blue colour are usually seen play- 
ing over the top. As, however, the only substances concerned 
in the combustion are carbon and oxygen, and since carbom 
itself does not burn with a blue flame, while carbon dioxide iw 
quite incombustible, it appears probable that there must 
be same other compound of carbon and oxygen produced 
whii^ burns with this blue flame. Further, it seems probable 
that the oxide is a lower oxide, i.e,, contains less oxygen, 
as if a compound with more oxygen existed we should 
expect the carbon dioxide to burn andtform this oxide. Carbon 
monoxide, as this gas is called, can be prepared by depriving the 
dioxide of part of its oxygerx When passed over heated iron 
filings carbon dioxide is partly reduced to this lower oxide, 
while the iron oxidises or rusts. The mixture of dioxide and 
monoxide resulting from the action of thq' ^ron on the carbon 
dioxide is collected over a solution of caustic potash (Fig. 242). 
The caustic potash absorbs the whole of the unchanged dioxide, 
while the carbon monoxide gradually fills the collecting vessel. 


Carbon 

Dioxipx 


and 


Iron give 


Carbon Iron 

Monoxide ^ Oxide, 
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Changes in a coke fire. — The formation of carbon monoxide 
in coke fires may now be readily explained. By the burning of 
the carbon in the lower parts of*the fire, where the air enters 
and sufficient oxygen is prefijent, carbon dioxide results, but 


Carbon monoxide uniting with oxygon to 
form carbon dioxide. 

Carbon dioxide and red-hot carbon form 
carbon monoxide. 

Carbon unitcfi with oxygen of the air to 
form carbon dioxide. 


Fio. ‘J43. —Chemical changes ix^ 
the burning of carbon in an ordiii- ' 
ary coal fire. 

v.ffien this passes over the heated charcoal in the upper parts 
where insufficient oxygen is pim ^t, it parts with some of its 
oxygen, forming carbon monoxi^. Thus, 

Carbon combines to Carbon 

Dioxide with form Monoxide. 

When it again meets sufficient oxygen at the top of the fire, 
this monoxide burns forming the dioxide. Carbon monoxide 
may in fact be prepared by passing the dioxide over heated 
charcoal instead of heated iron, but the temperature required is 
higher than that necessary in the experiment described on p. 362. 

The gas so obtained is colourless and very poisonous. It 
acts as a direct poison, forming a compound with the haemo- 
globin of the blood, f'or this reason the ventilation of rooms 
heated by coke stoves, and the complete removal of the products 
of combustion, should be always well secured. 



CHIEF POINTS OP CHAPTEB XXVI. 

Carbon is present iii all living matter. When organic substances 
are moderately heated, a black residue largely-composed of carbon 
is left. If the temperature is raised, the carbon burns away and an 
almost colourless ash is left. 
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Carbon exists in svh^eral allotropic forms (p. 379). Two of these, 
diamond and graphite, are crystalline. Non-crystalline or amorphous 
carbon is known in varying degrees of purity as coke, gas carbon, 
wood charcoal and animal charcoal. 

Burning.— When candles, gas, wood, or any substance which con- 
tains carbon burns in the air or oxygen, car bon dioxide is formed. 
Similarly, carbon dioxide results from the combustion of any form of 
carbon in air or oxygen. Carbon dioxide is also given oil’ in the 
breath of animals, ^ortt these sour*ces large (quantities are con- 
tinually passing into nfe'*Htoosphere. 

BreatMug is really a kind of burning ; the oxygen taken into the 
body by the lunge unites with the carbon of the body to form carbon 
dioxide, ■‘•and with its hydroj?en to form water ; these products are 
expelled from the body partly in breathing. 

The presence of carbon dioxide in the air may be shown by expos- 
ing lime-water in a shallow vessel. The lime-water soon necomes 
coated with a thin layer of chalk. 

The green parts of plants have the jiower in bright sunlight of 
breaking up carbon dioxide ; the carbon they keep to build up their 
solid parts, and oxygen is given off into the air. 

Animals give off carbon dioxide (which passes into the air) and 
take oxygen from the air. Plants give out oxygen and take carbon 
dioxide from the air ; in this way both are sujiplied from the air 
with the substances they need. 

Preparation of carbon dioxide. — When chalk or limestone is 
heated it loses about 44 per cent of its weight. This is due to the 
loss of carbon dioxide. The re.sidue left liehind is lime. The same 
gas is evolved when cither chalk or limestone is acted upon by 
hydrochloric acid. 

Carbon dioxide is a heavy gas which does not burn or support 
combustion. It is slightly soluble in water, the solution acting as a 
weak acid which turns blue litmus to a port-wine colour. This 
solution may be regarded as carbonic acid. The soluliility of carbon 
dioxide in water is increased by pressure. By cold and pressure 
carbon dioxide may be liquefied, and also solidified to a soft white 
substance which, when mixed with ether, forms a powerful freezing 
mixture. 

Lime is a white solid which is unchanged by heating. When 
heated intensely it glows and emits a brSliant white fight. It 
dissolves in hydrochloric acid to form calcium chloride. When wet. 
lime turns a red litmus paper blue. When freshly made it is called 
qnicMime. Quicklime combines with water, being changed into 
slaked lime. 


EXEBCISES ON CHAPTER XZVI. 

1. Describe and explain the changes which take place when (a) 
limestone is burnt in a kiln ; (6) water is added to some freshly 
burnt lime. 
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2. Charcoal burnt in air or oxygen in a bottle containing lime- 

water produces a white precipitate in the lime-water. This white 
precipitate, if collected and mixed with hydrochloric acid, dissolves 
with effervescence. What experimtmts would you make in order to 
compare the gas thus obtained with tliat obtainable by a similar 
process from the breath ? , 

3. Describe the apparatus you would use for the production and 

collection of carbon dioxide gas ; name tVe materials required, and 
describe tlie properties of the gas. • 

4. Four bottles are given you c‘on taming oxygen, hydrogen, 
nitrogen, and carbon dioxide respective!}'. By what experiments 
would you distinguish tliese gases from one another ? 

5. Describe tlie appearance of tlie three different forms of carbon. 

By what experiments would you prove that they are really only 

different forms of the same (dement ? 

6. What do you know about the chemieal action that goes on in 
a “ gasogene ” — i.e. the common soda-water machine? Why does 
the “soda-water” rush out wlien the handle is pressed down? 

7. Describe an experiment showing that water amd carbon dioxide 
are formed in the comluistion of a candle. How can ordinary coal- 
gas be made to burn witii a non-lunuiious flame ? 
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COMMON SALT. HYDROCHLORIC ACID. CHLORINE. 

104. COMMON SALT. 

1. Common salt is soluble in water. — Shake a little common salt 
with water in a test-tiilie for some time. Allow tlie imdissolved 
salt to settle, and taste a little of the clear lujiiid The taste of the 
fiolution is proof enough that common salt is aohddt tn wafer, 

ii. Common salt crystallises in cubes. — K\ ajioi ate the clear solution 
and heat some of tlie di y residue in a test-tuhe. 

iii. The solution of salt in water is neutral. —Test another portion 
of the clear solution of common salt with blue and red litmus papers 
in succession. The colour of neither paper is altered : hence, the 
solution of common salt in water is neutral. 

iv. Salt crystals contain no water. — Heat a little c?ry salt m a 
test-tube. Notice the crackling and the absence of water on the 
side of the tulie. 

V. Action of strong* sulphuric acid on salt. —Place a little dry salt 
in a test-tube and pour upon it some strong sulphuric acid. Gently 
warm the test-tube. Observe that a gas is given off, the part of 
which in the tube is colourless,^ though on coming into contact with 
the air at the mouth of the tube the gas fumes strongly. Plunge a 
lighted match into the tube, and notice that the flame is ex- 
tinguished. Place a piece of moist blue litmus paper at the mouth 
of the tube, and observe that it is turne^J red, but the paper is not 
bleached. 

Properties of common salt.— -Common salt crystallises in 
six-sided solids, or cubes. When the crystallisation is brought 
about by evaporating a solution of salt, the ciystals are 
very small. Some natural crystals, known as rock salt, are, 
however, of a considerable size. There is no water of crystal- 
lisation in the crystals, and consequently when they are heated 
no steam is given off. The crackling noticed when salt crystals 
are heated in a tube is spoken of as decrepitation, and is due to 
the breaking up of the crystals into smaller pieces. 
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Common salt dissolves in water, and the a^iioiint dissolved by 
cold water is almost as great as by warm water. The solution 
has no action on litmus papers, and is said to be neutral. 

Rock salt is found in the earth in some countiies as layers of 
varying thickness. The largest amount is found in the salt 
mines of Austria, but* considerable quantifies are found in this 
country, in Cheshire. C'ommon salt i^ also present in large 
quantities in sea water, but is mixed with other substances. 

Salt is used largely to prevent the decomposition of meat, and 
enormous quantities are employed, the manufacture of sodium 
carbonate. 


105. HYDEOCHLORIC ACID. 

i. Preparation of hydrochloric aoid g*as —Fit up the apparatus 
shown' in Fig. 244. Remove the mdia- rubber stopper of the fli jk 




Fio. 244. — Preparation and collection of hydrochloric acid gas. 

and place in it a small quantity of rock salt in small pieces, or some, 
thoroughly dried common salt. Pour some strong sulphuric acid* 
into the wash-bottlo shown in the middle of th^ illustration. Re- 
insert the india-rubber stopper into the flask and pour down the acid 
fiinnel enough of a mixture ^ of strong sulphuric acid and water to 

1 One part ot acid and one of water are convenient proportions. Be careful 
gradually to pour the acid into the water and not the water into the acid when 
mixing them, keeping the mixture well stirred throughout the procesa 
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cover the salt in th^ flask. Gently warm the flask. Collect jars of 
the gas which is evolved (after it has bubbled through the strong 
sulphuric acid in the wash-bottle and so become freed from water 
vapour) in gas jars by downward displacement in the way the 
illustration makes clear. When each gas cylinder is full, which you 
can tell by holding a blue litmus paper just below the top of the 
outside of the cyliiide:' until it is turned red, cover it with a ground- 
glass plate, with the ground side underneath. As the cylinders are 
filled set them on one s'de for examination as presently described. 
Collect four jars of gas in this way. 

ii. Properties of hydrochloric acid gas. — (a) Raise the glass plate 
from the first jar and plunge a lighted taper into the gas. The 
flame is extinguished and the gas does not burn. Quickly replace 
the glass plate. 

{b) Into the same jar drop a piece of moistened blue litmus paper 
and replace the glass plate. The paper is turned red, showing the 
gas has acid properties. Notice carefully that the paper is Twt 
bleached. 

(c) Observe the fumes which gas forms with the air when the 
glass plate is removed from a cylnider full of the gas. This is due 
to the very strong power of absorbing moisture possessed by hydro- 
chloric acid gas. 

(d) Firmly pressing the glass plate, invert a cylinder full oQ/he 
gas and place it upside down in a basin of water. Remove^he 
^ate when the mouth of the jar is under water, and notice that 
water rushes up and completely fills the jar. If the water does 
not completely fill the jar, it shows that the air in the jar was not 
altogether displaced by the gas when you should have filled it. 

iii. Solution of hydrochloric acid gras in water. — Modify the 
apparatus shown in Fig. 244. Remove tlie gas cylinder and the 
delivery tube which dips into it. Pour out tlu; sulphuric acid from 
the wash-bottle, which thoroughly wash and half fill with water. 
If there is still enough salt and sulphuric acid in the flask, again 
warm it gently and allow the evolved gas to bubble into the water. 
Notice that it is completely dissolved. The solution of hydro- 
chloric acid gas formed in this way is the “hydrochloric acid” of 
commerce, 

iv. Some metals turn hydrogren out of hydrochloric acid, — Test 
the action of hydrochloric acid on zinc and iron. 

V. Other proofs that hydrochloric acid contains hydrogen.— (a) 
Prepare hydrochloric acid ^jas in the manner described in Expt. 
105 i. in the flask A (Fig. 245). Pass the gas so obtained over 
heated copper oxide in the hard glass tube BC. Observe that 
water collects in the test-tube 7>, and that the copper oxide is 
converted into a green substance. As water is formed the hydro- 
chloric acid must evidently contain hydrogen. 

(6) Collect a tube full of hydrochloric acid gas over mercury, and 
quickly introduce into it a piece of clean sodium. Allow it to stand, 
and observe that the volume of the gas becomes ultimately reduced 
to one-Jialf the original volume (correction being made tor the 
in temperature and pressure), while, further, the sodium 
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gets covered with a white powder which you may satisfy yourself 
is salt. Test the gas left with a lighted taper and see that it has 
the properties of hydrogen. 



Pio. 245. — Hydrochloric acid gaa can be shown to contain hydrogen by 
passing it over heated coppei oxide and observing tliat watei is foimed. 


vl. Composition of common salt. — Pass hydrocliloric acid gas into 
a solution of caustic soda (known to chemists as sodium liydrate) 
until the solution has no effect either on a blue or red litmus paper. 
Distil the resulting solution and examine both the liquid which 
distils over and the residue left in the retort. Observe that the 
liquid is ordinary water and the residue common salt, which you 
can prove by tasting it. 

Hydrochloric acid. — When common salt is heated with 
strong sulphuric acid a gas is given off which forms steamy 
fumes in the air. The gas readily dissolves in water, and the 
solution constitutes the hydrochloric acid of commerce. The 
solution was, because of fts preparation from salt, originally- 
known as “ Spirits of Salt.” Another common name given to 
it is Muriatic Acid. The “ salt, gas ” itself is called hydrochloric 
acid gas. It is colourless, will not allow things to burn in it, 
nor will it burn itself. As is seen by its action on blue litmus 
paper, it is strongly acid. It is heavier than air, and can 
consequently be collected by downward displacement. 

Oomposition of hydrochloric acid. —It has already been 
learnt that when the metal copper is heated strongly in air it 
combines with the oxygen of the air to form a black compound 
L.S.I, 2 a 
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called copper oxid^, which compound is evidently entirely com- 
posed of copper and oxygen. 

Now, if hydrochloric acid gas is passed over heated copper 
oxide which can be conveniently arranged in a tube, the black 
oxide is changed iiifco a green substance, and water is formed at 
the same time. Moreover, if the green substance be acted upon 
with strong sulphuric acid, hydrochloric acid gas is again 
formed, just as when sa't is similarly treated. 

As water is formed, the hydrochloric acid gas passed over the 
heated copper oxide must evidently contain the hydrogen which 
is necessary for the formation of the water, for (p. 311) the 
copper oxide contains none. In fact, the simplest explanation 
of the experiment is that the hydrogen of the hydrochloric acid 
gas combines with the oxygen of the copper oxide to form 
water, while the copper combines with the other constituent of 
the hydrochloric acid (which you will presently learn to call 
chlorine) to form a green substance known as chloride of copper. 

When metallic sodium acts upon hydiochloric acid gas con- 
tained in a tube over mercury, it is found after a short time 
that the volume of the gas is reduced to one-half and that the 
gas left in the tube is pure hydrogen. At tlie same time the 
sodium combines with the other constituent of the hydrochloric 
acid gas to form a white solid, which proves on examination to 
be common salt. These important experiments teach two facts : 

1. That hydrochloric acid is composed of two constituents, hy- 
drogen and another substance, which will be proved immediately 
to be chlorine, combined together in equal proportions by volume. 

2. Common salt is a compound of the metal sodium and the 
second constituent of hydrochloric acid, chlorine. 

Chemical behaviour of hydrochloric acid.— Many metals, 
such as zinc and iron, when dropped into a solution of hydro- 
chloric acid gas in water (which will in future be spoken of as 
hydrochloric acid) break up the acid, evolving hydrogen gas and 
combining with its chlorine to form a chloride, or, 

in Hydro- r, and 

Zinc action chloric forms gives Hydrogen. 

with Acid Chloride 

in Hydro- j and 

Iron action chloric forms gives Hyprogbi^. 

' with Acid Cbldridb 



CHLORINE 


371 


When hydrochloric acid is brought into contact with sodium 
hydrate, also called caustic soda, a double cliemical change, or 
double decomposition, takes place, common salt or sodium chloride 
and water being formed (Expt. 105 vi.). 


Hydro- in 
CHLORIC action 
Acid with 


Sodium 

Hydrate 


forms 


Sodium 

Chloride 


and Water. 


106. CHLORINE. 

i. Preparation of chlorine. — (a) Pour a little strong sulphuric acid 
upon some black oxide of manganese contained in a test-tube. 
Shake the tube until a paste is formed. Gently warm the tube, and 
after a minute or two examine the gas whicli fills it. It lias no 
colour. Place a moistened blue litmus paper m the gas, and 
notice that, though the acid fumes redden the paper, it is not 
bleached. 

{h) Repeat the experiment, but first mix the black oxide of 
manganese with an ecpial quantity of dry table salt. Again 
examine the gas evolved alter heating the tube It has a greenish- 
y(‘llow colour. A moistened litmus pajier has its colour com- 
pletely remo\ed, or it is bleached. The greenish-yellow gas is 
chlorine. 

ii. Preparation of larger quantities of chlorine. —Fit up the 
apparatus shown in Fig. 244, and used in Expt. 105 i., for the 
preparation of hydrochloric acid gas. Remove the india-rubber 
stopper from the flask, put in some black oxide of manganese, and 
then enough strong hydrochloric acid to cover it. Shake the 
powder and acid together until no dry patches can be seen on 
looking through the bottom of the flask. Replace the india-rubber 
stopper, and be sure that the acid funnel dips beneath the surface of 
the liquid. Place in the wash -bottle an amount of water (not 
sulphuric acid as in preparing hydrochloric acid gas) like that shown 
in the figure. Gently warm the flask. Chlorine is at once given 
off. Collect several jars by downward displacement. You can 
easily see when the jars an* full, as the gas is coloured. Cover the 
jars with dry groufia-glAss plates. Caution. — It is very distressing 
to breathe chlorine ; this experiment should therefore he done either in 
the open air or in a f ume-cupboard with a good draught. 

ill. Bleaching power of chlorine. — In the first jar place a piece 
of damp Turkey-red cloth, a moist litmus paper, some coloured 
flowers, some writing done in ordinary ink, and a moist piece of 
newspaper. All the articles except the piece of newspaper are 
bleached. Chlorine bleaches vegetable colours. ^*rinters’ ink is not 
a vegetable colour. 

It. Chlorine combines spontaneously with some metals.— Powder 
a small piece of antimony and gently warm the powder, on apiece 
of notepaper, over the flame of a laboratory burner. Lift the glass 
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plate off a second jar of chlorine and sprinkle the warm antimony 
powder into the cliforine. The metal inflames on coming into 
contact with the gas, foiming a chloride of antimony. 

Or, drop a sheet of Dutch metal into a jar of chlorine. It will 
combine immediately with the gas with the accompaniment of flame* 
V. Chlorine has a gteat aflinlty for hydrogen.— (a) Attach a wire 
to a candle. Light the„ candle and lower it into a jar of chlorine. 
Notice the candle continues to burn, but with a very smoky flame, 
depositing soot on the sides of the jar. The candle is composed 
of carbon and hydrogen. chlorine combines with the hydrogen 

and leaves the carbon. Test the fumes left in the jar with a blue 
litmus paper and convince yourself they are acid. 

(6) Boil a little turpentine in a test-tube and pour a drop or two 
of the hot liquid ujjon a piece of dry filter paper. When the 
turpentine has spread over the papei*, fold it in a convenient 
manner, and drop it into a jar of chlorine. The turpentine at once 
inflames. A lai’ge quantity of carbon is thrown down, and a great 
deal of the steamy fumes of hydrochloric acid gas is formed. Tur- 
pentine, like a candle, is made of carbon and hydrogen. 

vi. Clilorine is soluble in water, —{a) Invert a jar of chlorine in 
a basin of water, and notice that the water slowly dissolves the gas. 
The water rises up the jar, hut not nearly so quickly as in the case 
of hydrochloric acid gas. 

{b) Pass chlorine gas from the apparatus used in Expt. 106 ii. 
into a glass of water. Notice that the gas dissolves, the water 
eventually having the colour, smell, and hleaclnng power of chlorine 
gas. A solution of chlorine in water is called chlorine water, 

(c) Leave some chlorine water for a day or two in bright sunshine. 
At the end of that time the chlorine water has lost its colour, smell, 
and bleaching power. The chlorine has combined with hydrogen to 
form hydrochloric acid, and oxygen has been given off. Test the 
liquid with a blue litmus paper, and see that it is acid. 

Preparation o^^chlorine. — It has been shown that hydro- 
chloric acid is a compound of hydrogen and a second substance ; 
and that common salt, or sodium chloride, is a compound of the 
metal sodium with the same second substance. This second 
constituent, which is called cMorine, cah be obtained separately 
either from common salt or from hydrochloric acid. It is more 
usual to prepare it from hydrochloric acid, and the plan adopted 
is to heat gently the solution of hydrochloric acid gas in water 
with black oxide of manganese, when chlorine is given off in 
large quantities in the form of a greenish-yellow gas. 

The method used to get chlorine from common salt is first to 
mix it with black oxide of manganese and then to heat the 
mixture with strong sulphuric acid, when chlorine is evolved as 
ip the previous case. This process is really the same as the 
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previous one, except that instead of first preparing hydrochloric 
acid from common salt and strong sulphuric acid (Kxpt. 105 i.) 
and then acting upon it with black oxide of manganese (Expt. 
106 ii.), the two exf)eriment8 are combined.^ The three materials 
are heated together, and the hydrochloric acid as it is formed is 
decomposed by the manganese dioxide which is present. 

In manufacturing processes the com^iounds formed other than 
those sought for are called bye-products. The bye-products m 
the manufacture of chlorine are manganese chloride in the first 
method described above and manganese sulphate in the second. 

Chlorine is heavier than the air and is usually collected by 
downw’ard displacement, though it is sometimes collected over a 
strong solution of salt or over warm water. 

Properties of chlorine. — Chlorine is a gas with a greenish- 
yellow colour, from which fact^ it gets its name. It has a 
disagreeable smell, and the gas, if breathed, causes distressing 
symptoms, which have been described as like those of an 
exaggei'ated cold in the head. The gas is soluble in water and 
being heavier than air is collected usually by downward dis- 
placement. Its chief characteristic is its power of bleaching 
moist vegetable colours. Strictly speaking chlorine does not 
bleach. What happens is that the chlorine combines with the 
hydrogen of the moisture (which must be present for successful 
bleaching) to form hydrochloric acid and liberates the oxygen. 
This oxygen unites with the colouring matter to form a new 
chemical compound which k(is no coloiir, or, as chemists say, the 
oxygen oxidises the colouring matter. It is because of this 
power of liberating oxygen from water tliat chlorine is so useful 
as a disinfectant. The liberated oxygen combines with the 
noxious material, and,4)y oxidising it, renders it harmless. 

The ease with whfch chlorine combines with hydrogen is seen 
not only by its action upon moisture, but in other w^ays. A 
lighted candle will continue to burn when plunged into chlorine, 
though with a very smoky flame. A candle is composed of 
hydrogen and carbon, and the flame continues, though with 
diminished brightness, because of the heat generated by the 
combination of the chlorine gas with the hydrogen of the 
candle to form hydrochloric acid gas. The carbon set free in 
the process is deposited as soot. The same explanation holds 

(chlOros), green. 
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true for the spon'caneous combustion of warm turpentine in 
chlorine gas. 

Chlorine readily combines with metals to form chlorides. If 
finely divided iroi?, copper, antimony, and other metals be 
sprinkled into dry chlorine gas they at once combine with it, 
the heat of combination being sufficient to cause them to 
inflame. This happen;^ more readily if the metals are first 
warmed. 

Synthesis of hydrochloric acid. — When ecpial volumes of 
hydrogen and chlorine are mixed and exposed to sunlight, or 
the electric light, they combine together, with great violence to 
form two volumes of hydrochloric acid gas. There is, therefore, 
no diminution in volume The case is simpler than that of the 
combination of hydrogen and oxygen to form steam. Two 
volumes of hydrogen combine with one volume of oxygen to 
form two volumes of steam, or the three volumes of the mixed 
gases are reduced to two after the combination has taken place. 
While 


Hydrogen combines Chlorine to 
1 vol. with 1 vol. form 


Hydrochloric 
Acid Gas 
2 vols. 


Hydrogen combine Oxygen 
2 vols. with 1 vol. 


to Steam 
form 2 vols. 


107. CHLOEINE COMPOUNDS. 

i. Action of chlorine on caustic potash.— (a) Pass chlorine for 
some time through a boilituj solution of caustic potash. Allow the 
solution to crystallise, and examine the crystals whicli first separate 
out. They will be found to consist of 'poiasHinin chlorate, which 
evolves oxygen when heated, either alone ‘or^with a little manganese 
dioxide. 

{h) Pass chlorine through a cold solution of caustic potash, and 
observe that you no longer obtain potassium chlorate. 

Some compounds of chlorine. —When chlorine is passed into 
a hot solution of caustic potash a substance known as potassium 
chlorate is formed,* while potassium chloride is also produced. 
The chlorates may be regarded as derived from an acid, which 
we®iay call chloric acid, just as the chlorides are derived from 
hydrochloric acid. Chloric acid differs from the latter acid in 
containing oxygen as well as hydrogen and chlorine. 
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Of the chlorates, potassium chlorate is* by far the most 
important, being largely employed in the manufacture of 
matches and in pyrotechny. On heating the chlorate either 
alone or mixed with manganese dioxide, oxyigen is obtained. It 
i.s to the possession of a large proportion of oxygen that 
potassium chlorate owes its many uses. 

On passing a stream of chlorine into cold caustic potash, 
another chlorine compound is formetf mixed as before with 
potassium chloride. This compound contains a smaller per- 
centage of oxygen than potassium chlorate and is termed 
potassium hypochlorite. When acted on by an acid this com- 
pound liberates chlorine. The chlorine thus set free again has 
a vigorous bleaching action. If chlorine is passed over slaked 
lime instead of into caustic soda, a compound is formed which 
may be regarded as a mixture of the chloride and hypochlorite 
of calcium. This also evolves chlorine when acted upon by an 
acid, and is hence very largely empkiyed for bleaching, under 
the name of bleaching powder, wliich is manufactured on a 
large scale by the method indicated above. 


CHIEF POINTS OF CHAPTER XXVII. 

Common salt occurs in nature as the mineral roch salt. It is 
soluble in wat(‘r, tlio solution formed being neutral. Its crystals 
contain no water ot ciystallisation. The crystals decrepitate when 
heated. When treated with warm strong sulphuric acid a gas 
known as hydrochloi’ic acid gas is evolved. 

Hydrochloric acid, originally known as “spirits of salt” and 
muriatic acid, is prepared by the action of strong sulphuric acid on 
common salt ; the gas evolved is dissolved in w^ater to form the 
hydrochloric acid of comit^rce. 

Hydrochloric acid gee is composed of equal volumes of hydrogen 
and chlorine. The hydrogen can be turned out of a solution of 
hydrochloric acid by the action of metals like zinc and iron. Hydro- 
chloric acid is neutralised by sodium hydrate to form common salt. 

Chlorine is easily prepared by the action of strong sulphuric acid 
upon a mixture of common salt and manganese dioxide, or by the 
action between hydrochloric acid and manganese dioxide. Owing to 
the distress caused by breathing chlorine, its preparation should be 
done in the open air or m a draught cupboard. 

Chlorine is a greenish -yellow gas, heavier than air, and soluble in 
water. It is much used as a bleaching agent. It has a very great 
affinity for hydrogen, and easily combines with most metals to form 
ohlorides. 
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Various compounds of chlorine. — Potassium chlorate can be 
obtained by passing chlorine for some time through a boUmg solution 
of caustic potash and allowing the solution to crystallise. The 
chlorates are salts of an acid known as chloric acid. Potassium 
chlorate is the most important chlorate ; it is used in the manu- 
facture of matches and fireworks. 

Potassium hypochWrtte is obtained by passing chlorine through a 
coi.d solution of caustic potash. If slaked lime is used instead of 
caustic potash, a mixture called hi eachtiuj -powder is oiitained. 


EXERCISES ON CHAPTER XXVII. 

1. How is hydrochloric acid obtained? Giv^e a short account of 
its chief properties. 

2. What are chlorides? How may they be obtained? Give 
examples. 

3. Describe the properti(*s of chlorine, and state how you would 
obtain the gas from salt and then reconvert it into salt. 

4. Under what conditions does chlorine unite with (a) hydrogen, 
{h) phosphorus, (r) sodium ? 

5. A lighted taper is placed in a jar of chlorine ; what happens, 
and why ? 

6. How may chlorine be {a) obtained from, {h) converted into, 
hydrochloric acid ? 

7. What is the action of sulphuric acid upon salt ? What are the 
properties of both products ? 

8. From hydrochloric acid how could you obtain (a) hydrogen, 
(&) common salt ? 

9. Describe in simple language any crystals which you have seen. 
Say either how these crystals are made or wliere they are found. 

10. What is bleaching powder ? How is it obtained, and on what 
does its chief use depend ? 

11. Ih what form does hydrochloric acid exist under ordinary 
atmospherip conditions? Explain what occurs when hydrochloric 
^d Js allowed to coine into contact with bleaching powder. 

12. What is an oxidising agent ? In what sense can chlorine gas 
^ regarded as an oxidising agent ? 

13. How do you aoqount for the fumes that are seen when strong 
hydrochloric acid is exposed to the air ? What experiments prove 
that hydrochloric acid is composed of equal volumes of hydrogen and 
chlorine ? 



CHAPTER XXVIII. 

SULPHUE AND SULPHUEIC ACID. 

108. SULPHUR. 

i. Melting point of sulplmr. — out in the flame of a laboratory 
burner, a ])ieee of glass tubing so as to make a small thin-walled 
tubt', about two or three inches long and y^^y-inch in diamoter. Into 
this tube place some finely powdered 
sulphur. Tie the filled tube on to a ther- 
mometer near its bulb with a piece of fine 
platinum wire, and,]mt the thermometer 
into a beaker of sulphuric acid which has 
been placed over a burner. (Be very care- 
ful not to upset the acid.) Gradually heat 
the acid and keep it at a uniform tem- 
perature by moving the curved stirring 
rod (shown in Fig. 24 fi) up and down. 

Notice when the sulphur melts, and at 
that instant read the thermometer. This 
reading will be the melting piint of the 
sulphur. 

ii. Effects of heat upon sulphur. — (a) Put 

some finely powdered sulphur into a large 
test-tube, using sufficient to fill the tube 
to a height of about IJ niches, and heat 
carefully with a small ftilioratory burner 
flame. Occasionally take the tube out 246 _Detonnination 

of tlie flame and shake it. When ^le of the melting point of sul- 
sulphur has all melted notice that an plmr. 
amlier-coloured liquid has been fonnei 

Pour a little of the liquid into a beaker of water. Observe that 
a lump of yellow sulphur is again formed, wj^ich when broken 
reveals a crystalline structure. 

{h) Continue to heat the remainder of the liquid sulphur obtained 
in (a) until the liquid boils. Carefully observe the changes in 
colour of the liquid. Pour a little of tlie Iwiling liquid into cold 
wate^r. Examine the cooled sulphur ; it is plastic and not unlike 
india-rubber. 
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(c) Notice that^ a yellow deposit has been formed on the cold, 
upper part of the test-tube in winch ♦^he sulphur was heated. This 
is the result of the condensation ot sulphur vapour. The deposit is 
known as flowers of sulphur. 

iii. Plastic variety of sulphur. —After examining the plastic solid 
which results from s^lddenly cooling boiling sulpliur, weigh a lump 
of it and place it on one side for a few days. After this interval 
examine it again and w<figh it. Then; is no alteration in weight, but 
the lump has changed Ugain to the ordinary kind of sulphur. 

ir. Crystalline varieties of sulphur. — (a) Dissolve some powdertid 
roll-sulphur in carbtin bisulphide. Tin' solution must be made 
entirely by shaking, for the cm'hon bisulphide must ov no account he 
heated. When the sulphur has all dissolved, pour the solution into 
an evaporating basin, and pAt it into a draught cupboard free from 
dust to evaporate slowly. Examine the basin after an hour or so. 
Observe the crystals which have formed. Take the largest and 
most perfect and sketch its form. This kind of crystalline sulphur 
is known as the octahedral variety, 

{h) Place some powdered roll-suljihur in a clean, dry, evaporating 
basin and heat gently on a piece of iron wire gauze. When it has 
all melted, remove the flame *and allow it to cool. As soon as a 
solid film has formed on the top of tlie liquid, ])ieree two holes in it 
and quickly pour out the remaining liquid sulphur through one of 
the holes. Remove the film of solid sulphur and examine the yellow, 
needle-shaped crystals on the sides of the basin. This kind of 
crystalline sulphur is known as the prismatic variety (Fig. 248). 

Examine the crystals after a few days. Observe they are now 
opaque. The prismatic sulphur has changed back again to ordinary 
sulphur. 

V. Sulphur can be obtained from some minerals.— Procure a little 
of the brass-like mineral called iron pyrites. Heat a fragment or two 
in a hard glass tube. Notice that melted sulphur gradually collects 
on the cold part of the inside of the tube. 

^How sulphur is found in nature.— Sul jibur is found 
naturally both alone— that is, in an unconibined condition — 
and also united with other siibstarfoes in the form of chemical 
compounds. The uncombined or native sulphur is rarely 
pure. It is found most abundantly in the neighbourhood 
of volcanoes— as, for example, in Sicily — from which \island 
a large part of the brimstone, as sulphur is commonly 
called, of commerce is obtained. Before being placed on 
the market th§ sulpliur is purified, or separated from the 
earthy impurities by distillation, in suitable retorts connected 
with lajl^e cool chambers, in which the sulphur vapour, driven 
off by heating, is condensed. In the first stages of the process 
the sulphur condenses as “ flowers of sulphur,” but later, when 
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the condensing chambers have become heated, as a liquid on the 
floor. This liquid is cast into the familiar ‘‘roll-sulphur” or 
brimstone which is well known to most people. 

Sulphur occurs naturally combined with oiAiev substances in 
the form of sulphides and sulphates. The# sulphides are com- 
pounds of sulphur with metals, among the most common 
being : J 

Galena, containing lead and sulphur. 

Blende, „ zinc and sulphur. 

Iron pyrites, „ iron and sulphur. 

Copper pyrites, „ copper, iron, and sulphur. 

The naturally occurring sulphates are compounds of sulphur 
with metals and oxygen. Their constitution will be better 
understood after sulphuric acid has been studied. The most 
common mineral sulphates found in the earth are gypsum or 
calcium sulphate containing calcium, sulphur, and oxygen ; and 
heavy-spar or barium sulphate, containing barium, sulphur, and 
oxygen. 

Sulphur is also present in some of the compounds contained 
in animal and vegetable tissues. 

Varieties of sulphur. — Sulphur is one of the few simple sub- 
stances which exist in several forms. When such substances have 
more than one modification, all of them with the same chemical 
composition but possessed of different physical properties, such 
as density, colour, crystalline form, and so on, it constitutes an 
instance of what is called aUotropy, and the different varieties 
of the substance are called allotropic forms. Sulphur, oxygen, 
carbon, and phosphorus all have allotropic forms. Sulphur 
has four allotropic forms, though it is only necessary here to 
mention three of them. These are octahedral, prismatic, and 
plastic sulphur. It must be carefully borne in mind that 
though the properties of these varieties of sulphur are so 
different, yet all the varieties are composed entirely of sulphur. 

Octahedral sulphur. — Ordinary roll-sulphur, or brimstone, 
is composed of tiny crystals of this variety 1)f. sulphur com- 
pactly massed together. This can be seen by breaking a roll 
of sulphur in two and examining the broken ends, when 
crystals will be distinctly visible in the centre of the roll. 
But much larger crystals are obtained by dissolving powdered 
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roll sulphur iit carbon bisulphide and allowing the solution 
to evaporate slowly into the air, when fairly large, perfectly 
formed octahedra of sulphur will be obtained. This kind of 



Fio. 247.— CrysUls of copper sulphate. 


sulphur is the most stable form ; the other varieties gradually 
change into octabedral sulphur if left to themselves exposed 
to the air. 

Prismatic sulphur. — The second crystalline variety of 
sulphur is called prismatic sulphur. It is obtained in the 
form of clear, needle-shaped crystals by carefully melting 
powdered roll -sulphur in an evaporating basin and allowing 
the liquid obtained to cool slowly. As soon as a film of solid 
sulphur has formed on tin; li(|uid sulphur, two holes are pierced, 
and the remaining licjuid rapitlly poured through one of them. 
If the film bo removed and tlie inside of the basin examined; a 
number of clear, needle-shaped uystals of prismatic sulphur 
are seen (Fig. 248). But when the basin is examined again aftei: 
an interval of a few days the crystals are no longer clear ; they 
have become opaque owing ‘to the transformation of each needle 
into a number of minute crystals of octahedral sulphur, which, 
as has been remarked, is the stable form of sulphur. 

Plastic sulphur. — When boiling sulphur, which may be 
obtained by melting powdered roll-sulphur in a large test- 
tube, is cooled suddenly by pouring it into cold water, it under- 
|m|^yjfiniarkable change. If a piece of the sulphur, solidified 
^^^■nanner, is taken out of the water and examined, it is 
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found to be like caoutchouc ; it can be pulled aJ)out like chew- 
ing gum, and it is quite as elastic. This springy material is 
plastic sulphur. But if plastic sulphur be left to itself for a 
day or two it gradually changes into octahedral sulphm\ 

another I’eason for regarding the octahedral as the stable fofln 
of the element. In this process of i*econv5rsion there is no 
change of weight. 

Effects of heat upon sulphur. — Sulphur undergoes a series 
of changes as it is heated. To follow the changes satisfactorily 



Fiu. 248.- ('ryst.ils of prismatic sulphur. 

xhe heating must l)e very gr^fdual. When powdered roll-sulphur 
is heated in a large test-tube it (ir.st melts, at about 114“(J., into 
an amber-coloured liquid, which when poured into cold water 
solidifies into ordinary yellow sulphur. On continuing to heat 
the melted sulphur above 114" C., however, it gradually gets 
darker and darker in colour, becoming thicker and tliicker in 
consistency, until at about 250" C. it is so viscicl that the tube 
containing it can be inverted and the licpiid will not flow. But 
if the temperature be still further raised, the tliick liquid 
becomes mobile again, and by and by, at 440" 0., it boils, 
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changing into dark orange-red vapour. The vapour, by 
sudden cooling, can be changed into a yellow solid, known as 
“flowers of sulphur.” If the boiling sulphur be poured into 
cold water it is converted into plastic sulphur. 


109. OXIDES OP SULPHUR. 

t 

i. Burning of sulphur in air. — Place some sulphur in a deflagrating 
spoon (Fig. 220) and hold the spoon in a flame of a lal>oratory 
burner. Notice that the sulphur burns with a feeble, pale blue 
flame. Observe the suflocating fumes of “ burning sulphur.” 

ii. Burning of sulphur in oxygen. —Ref er to Expt. 92 v., and bear 
in mind sulphur dioxide is also formed in this case, and that the 
experiment shows the gas is soluble 'i^water and that the solution 
has an acid reaction. 

iii. Bleaching power of sulphur dioxide. — Remove the stopper from 
a bell- jar, and replace it by a tightly fitting cork through which a 

wire with a hook on tlie lower end 
is passed. Suspend a few brightly 
coloured flowins by a thread from 
the hook. In a small basin place 
some fragments of lu’imstone, and 
with the aid of the flame of a 
laboratory burner set the sulphur 
alight. Place the bell -jar witli the 
flowers in it over the burning sul- 
phgr. Notice that after a time the 
flowers are bleached (Fig. 249). 

iv. Sulphur dioxide can be ob- 
trained from sulphuric acid. — In a 
flask fitted with a cork and delivery 
tulH‘ ]»l{ic(^ some copper turnings and 
sonui strong sulpliuric acid, and 
Ijcat over wire gauze by means of a 
Bunsen flame. A gas is given off, 
but as- it is soluble in water, it 
.e,Fio. 249. —The fumes formed wlieu cannot b5 collected in the same 
sulphur burns in air will bleac# way as hydrogen and oxygen, 
flowers. Being huavier than air, however, it 

may be collected in the manner 
shown in Fig. 244. Obtain by this means two jars of the gas. 

In (1) place a lighted taper, and in (2) a jriece of moist red flannel 
or a coloured flowyr, allowing it to remain for some time. 

V. Sulphurous- acid and sulphites. — Using the flask you have 
already fitted for the prt'paration of the gas, allow the sulphur 
dioxide to bub})le througli a soliif ioii of caustic soda, which, we 
have already schuv, lias the power of turning red litmus blue, and is 
called an a^ali. Observe that the gas is absorbed, and that after a 
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time the liquid smells of the gas and has become slightly acid. Boil 
the solution and observe that the smell disajjpeari?, showing that the 
gas IS expelled by heating, while by •further evaporation a white 
solid IS ultimately left. Examine this solid, which is evidently 
soluble in water, and satisfy yourself that it is not caustic soda, 
having no action on litmus. Add to it a little Sulphuric acid and 
observe the smell of sulphur dioxide. ^ 


Oxides of sulphur.— Sulphur forms two different compounds 
with oxygen, one called sulphur dioxi^, the other sulphur 
trioxide. The latter coinpouiid contains half as much oxygen 
again as the foi’iuer. 


Sulphur dioxide. — The simpler oxide of sulphur is formed 
when sulphur burns in air or oxygen. The only difference in 
the two cases of burning is that when the sulphur combines 
with the oxygen of the air 4/he combustion is feebler, and the 
sulphur dioxide formed is mixed with the nitrogen of the air ; 
when the burning takes place iii pure oxygen it is much more 
brilliant, and the sulphur dioxide formed is pure. 

Sulphur dioxide is most commonly obtained in the laboratory 
in larger (quantities by acting upon hot, strong sulphuric acid 
by means of copper or mercury. It can easily be shown, by 
heating copper in strong sulphuric acid, that 


n inaction Sulphuric Copper Sulphur 

with Acid Sulphatk Dioxide. 

(Fig. 247) 

In preparing the gas, the apparatus shown in Fig. 244 iirf 
employed, without the wash-bottle, and, as in the case ‘♦of 
chlorine and hydrochloric acid gas, sulphur dioxide is collected 
by downward displacement. This is because the gas is heavier 
than air and soluble in water. 

Bringing together the properties of sulphur dioxide, which 
different experiments ali^pa^y described have demonstrated; it 
may be said to be a colourless gas, with a suffocating odour, 
heavier than air, soluble in water — forming an acid solution — and 
possessed of strong bleaching power's. Its bleaching powders are 
made use of commercially in the preparation of straws and silks. 
It will not burn or support combustion. ^ 

Sulphurous acid.— The acid solution of sulphur dioxide in 
water is often regarded as sulphurous acid, the gas having 
entered into chemical union with the water. On boiling the 
water the whole of the dioxide is expelled. Wheir sulphur 
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dioxide is passed into a solution of caustic soda, the caustic 
soda gradually loses its power of turning red litmus paper blue. 
On evaporation a white solid is obtained which is not caustic 
soda. The formation of this solid is an example of the produc- 
tion of a salt, and* many other salts are formed by analogous 
methods. The salts •produced by neutt’alising sulphurous acid, 
as the solution of sul^phur dioxide is called, are known as 
sulphites, and the particular salt prepared in Expt. 109 v. is 
sodium sulphite. All the sulphites are characterised by tlieir 
^^roperty of giving off sulphur dioxide when acted upon by 
srlphuric or othei- strong acid. 



Fio, 250.— Apparatub for preparation of sulphur trioxide. 


Sulplmr trioxide. — Sulphur dioxide can be made to combine 
with a’ further quantity of oxygen. The process is ngt so 
straightforward as most of those already described, but "it is 
not difficult to understand. A mixture of sulphur dioxide and 
oxygen is passed over heated platinised asbestos. [Platinised 
asbestos is prepared by dipping asbestos fibres into (1) platinic 
chloride solution, (2) ammonium chloride solution, and heating 
strongly. By this means the asbestos becomes coated with a 
quantity of very finely divided platinum.] White fumes are 
formed in abundance, and when cooled sufficiently they cliange 
into a white powder, or crystals, known as sulphur trioxide. The 
apparatus necessary for the purpose is shown in Fig. 250. 

Sulphur combines Oxygen Sulphur 

BuoxiPic with more form Trioxjds. 
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The crystals of sulphur trioxide obtjliied in*the above process 
are very soluble in water, the solution being accompanied by a 
hissing noise as when the oxide of phosphorus (p. 391) dissolves 
in water. The solution obtained is sulphuric ^icid. 

Sulphur combines Wat^vp Sulphuric 

Trioxide with form Acid. 

I 

110. SITLPHUEIC ACID. 

i. Relative density of sulphuric acid. — Make a mark upon a small 
heaker about one-third of the height from the bottom. Weigh the 
beaker. Pour distilled water into the beaker up to the mark. 
Weigh again and so determine the weight of the water. Pour out 
the water and carefully dry the beaker inside and out. Fill up to 
the mark with strong sulphuric acid, being careful to upset no 
acid on the pan of the balance. Weigh again and determine the 
weight of the acid. What is the relative density of the acid ? (8ee 
p. 62.) 

ii. Heat developed during solution of sulphuric acid. — Pour strong 
sulphuric acid into a giuduated measuring jar with a spout. Place 
a measured quantity of -water, say 250 c.c. in a jug or large beaker. 
Take the temperature of the water. Add 25 c.c. of the acid to the 
water, pouring it out m a continuous small stream (for if the acid 
splashes it will injure you or your clothes). Keep the water stirred 
with the thermometei’ all the time ; read the highest temperature 
recorded by the thermometer. Similai^ add a second 25 c.c, of 
acid and again read the temperature. Then add a third 25 c.c. of 
acid, always keeping the mixture stirred, and again read the 
temperature. 

JVater shovld never he poured into strong sulphuric acid because of 
this generation of heat, 

'iii. Sulphuric acid has a strong affinity for water. — (a) Into a 
small weighed beaker, or wide-mouthed bottle, put enough strong 
sulphuric acid to reach to jibout one- third of the height. Weigh 
again and determine thij weight of the acid. Stick a piece of 
gummed paper outside the heaker to mark the level of the acid. 
Leave the acid exposed to the air for a day and then weigh again. 
Notice the increase in weight and also that the level of the liquid is 
now above the paper. The increase in weight and volume is due to 
water absorbed from the air. 

(h) Pour the strong acid on sugar. The ^barring which is observed 
is due to the absorption of water and the separatiDn of carbon. 

iv. Acid properties. — (a) Observe again the acid properties by 
tasting the very dilute solution and testing it with blue litmus 
paper. 

(6) Place a little of a dilute solution of sodium hydrate in a beaker { 
test it with a red litmus paper. Now add, little by little, some of 
L.S. 1. 2b 
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the acidified waterc- A point will be soon reached when the solution 
has no effect on litmus. The acid has ntiUrodistd the sodium hydrate. 
If the solution be evaporated nearly to dryness and allowed to stand 
crystals will be obtained, known as sodium sulphate, 

V. Action upon n^etaJs. —Refer to Expts. 95 i. and 105 iv. 

vl. Test for sulphuric acid and soluble sulphates, — To dilute 
sulphuric acid or a solution of any soluble sulphate, such for 
example as the sodium sulphate obtained in Expt. 110 iv., add a 
few drops of barium chloride or barium nitrate solution. Notice 
the dense white precipitvitc which is formed. The precipitate cannot 
be got rid of either by boiling or by the addition of acids. 

Sulphuric acid. — Its simple properties and its action on 
metals have already been studied. With some metals, e,g. zinc, 
it reacts when cold and dilute, liberating hydrogen and forming 
a sulphate of the metal ; with others, e.g. copper, it has no action 
until heated, when it produces a sulphate, but with the libera- 
tion of sulphur dioxide. 

With substances known as alkalies, of which sodium hydrate 
is a typical example, sulphuric acid also forms sulphates, that 
resulting from its action upon sodium hydrate being known as 
sodium sulphate. 

A similar action takes place when the base, such as magnesia 
or magnesium oxide, neutralises sulphuric acid. In this case 
magnesium sulphate is produced. 

CHIEF POINTS OF CHAPTER XXVIII. 

Sulphur is a brittle, yellow solid, which may easily be reduced to 
a fine powder. It is insoluble in water, but dissolves in carbon 
bisulphide. It melts at about 114''C. to a clear, yellow, mobile 
liquid, which, when poured into cold water, solidifies to ordinary 
yellow sulphur. On further heating, the yellow liquid becomes 
darker in colour, and more viscid, until at about 250° C. it will not 
run out, even though the vessel containing it is inverted. At still 
higher temperatures the liquid again Iv'comes thin and mobile and 
finally boils, evolving a dark orange-red ^ vapour, which condenses 
either to an orange liquid or to a yellow powder. If the boiling 
sulphur be poured into cold water it solidifies to a solid resembling 
caoutchouc. 

This elastic solid is called plastic mdphur. If left in contact with 
air it returns to ordinary sulphur in a few days without any change 
of mass. The yellow powder into which sulphur vapour condenses, 
Without passing through an intermediate liquid state, is called 
of Bvli^ur, Ordinary commercial sulphur is called roll 

mitphur. 

Orystalliue Bulphur. — The crystals left when a solution of sulphur 
in carbon bisulphide is allowed to evaporate have an ootah^ral 
^rm. Those obtained from melted sulphur are needle-like and 
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called prismatic. The prismatic sulphur crystals will, if left alone, 
gradually change back to the octahedral variety. 

Allotropy is the property some simple substances, like sulphur, 
possess ot existing in different forms which are known as allotropic 
foi'ma. The chief allotropic forms of sulphuf are the octahedral, 
prismatic, and plastic. ^ 

Oxides of sulphur. — Sidpliur dioxide is formed when sulphur burns 
in air or oxygen. It is also given off when copper is heated with 
strong sulphuric acid. It is a gas with a pungent smell, which does 
not burn or support combustion, and has the power of bleaching 
vegetable colours. It dissolves in water to form sulphurotis acid. 
Sulphurous acid forms salts called sulphites. 

Sulphur trioxide. — By suitable means sulphur dioxide can be made 
to combine with more oxygen to form a higher oxide knowui as 
sulphur trioxide. This oxide dissolves in water, with a hissing 
noise accompanied by the evolution of much he&,t, to form sulphuric 
acid. 

Sulphuric acid is a heavy, oily liquid which boils at 335" C., 
giving off choking, pungent, white fumes. It mixes with water in 
any proportion with the evolution of much heat. It absorbs moisture 
very readily, and is conseipiently used for drying gases. For the 
same reason it chars any organic substance it conies m contact with. 
Sulphuric acid forms with alkalies salts called sulphates. 


EXERCISES ON CHAPTER XXVIII. 

1. Describe the changes which sulphur [undergoes when heated. 

2. What is plastic sulphur, and how is it obtained ? How would 
you prove it consists solely of sulphur ? 

3. What happens when sulphur burns ? By what other method 
can you obtain the product formed ? 

4. Give an account of the properties of sulphur dioxide. 

5. Describe the appearances and properties of sulphur trioxide. 
How is it obtained, and what is its action on water ? 

6. How would you shovf that the gas formed when brimstone 
burns in air has the powt^ of bleaching vegetable colours ? 

7. How is the element sulphur found naturally ? Name as many 
chemical compounds as you are acquainted with, known as minerals, 
which contain sulphur as one of their constituents. 

8. What do you mean by the “ melting-point ” of a substance ? 
Why cannot we speak of the “melting-point” of glass? Contrast 
the “melting-points” of mercury, lead, and iron? . 

9. Give as many examples as you can of substances which, 
whilst differing in appearance and physical properties, are not- 
withstanding identical in chemical composition. Indicate in 
each case how chemical identity could be experimentally de- 
monstrated. 
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10. What gaseou^ compounds of sulphur are you acquainted with ? 
Describe how you would propose to obtain them from ordinary 
flowers of sulphur as the source of the element. 

11. How would you prepare crystals of sulphur from flowers of 
sulphur? What experiment would establish the chemical identity 
of the various forms of« sulphur ’ 

12. What do you know about the action of sulphuric acid on 
(1) lead, (2) iron, (3) copper? 

() 



CHAPTER XXIX. 

PHOSPHORUS. COMPOUNDS OF NITROGEN. 

NITRIC ACID AND AMMONIA. 

111. PHOSPHORUS AND ITS OXIDES. 

i. Properties of phosphorus. — (a) Observe the appearance of some 
ordinary sticks of phosphorus. Notice the manner in which they 
are kept. Carefully cut a stick wider waleVy and observe the 
appearance of the cut surface. Note the phenomena observed when 
phosphorus is exposed to the air in the dark. 

{h) Place a little phosphorus in an evaporating basin containing 
water, and heat slowly. Note the temperature at which the 
phosphorus is seen to melt. Allow it to cool. 

(c) Shake up a small piece of phosphorus in carbon bisulphide 
(see Expt. 108 iv.). Notice that it dissolves. Pour the solution on 
to a piece of filter paper. Observe the etfect. 

{d) Repeat Fxpt. 88 i. Observe the dense white fumes. Add 
water and shake — the fumes dissolve. In the solution put a little 
blue litmus paper. Note that it is turned red. 

General characters of phosphorus. — Phosphorus, like 
sulphur, exists in different allotropic forms, and these must 
be examined first. Ordinary phosphorus, which is always 
kept under water, wiU probably appear at first to be a dark 
yellow, or brown, opaque solid. This is not, however, its 
true appearance, but only that of a film which coats the 
exterior. If a piece of phosphorus be cut it will be found to 
consist of a waxy, translucent solid, of a pale yellow colour. It 
very readily inflames ; contact with any warm object is 
sufficient to start the combustion. For thfe .reasop it should 
not be handled, and when not in use should be kept immersed 
in water, in which it is insoluble. Phosphorus glows in the 
dark, forming white fumes. Both glow and fumes are due 
to its gradual oxidation. Phosphorus itself, as well as the 
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fumes formed when it is exposed to the air, are poisonous, and 
hence care must be taken during its use, both on this account 
and on account of its inflammability. 

If a piece of ordinary phosphorus is placed in water in a 
small basin and heated, it will be found that the phosphorus 
melts at about 43'’C., Imt remains liquid below this tempera- 
ture. This is frequently the case with melted solids, but during 
the solidification the temperature again rises to the melting 
point. If the water be poured off, the phosphorus frequently 
catches fire, as it inflames in air at a temperature below the 
melting point. Yellow phosphorus, though insoluble in water, 
is readily soluble in carbon bisulphide. If its solution in this 
liquid be allowed to evaporate on a piece of filter paper, 
the whole may ignite spontaneously. The evaporation of the 
solvent leaves the phosphorus deposited on the filter paper in 
so finely divided a state that it rapidly oxidises, charring the 
paper, even setting it alight. By careful evaporation of the 
solvent, crystals may be obtained. 

Red phosphorus. — This allotropic form of phosphorus is a 
dark, brownish-red powder. Examine it carefully and note 
well the differences from the ordinary variety ; substitute red 
phosphorus and try again the various experiments performed 
already. Red phosphorus will be found to be insoluble in 
carbon bisulphide, and to ignite only when strongly heated 
(240'" C.). It is not luminous, neither does it oxidise when 
exposed to moist air. It is therefore not necessary to keep red 
phosphorus under water. Red phosphorus, or amorphous 
phosphorus, as it is also called, is, further, non-poisonous. 
The chief use of phosphorus is in the making of matches. The 
common red match is tipped with a mixture containing 
ordinary yellow phosphorus. The so-called safety match has 
no phosphorus on its tip, but is struck by fi'iction against a 
specially prepared surface coated with a mixture containing 
red phosphorus. 

Phosphorus and oxygen. — When phosphorus burns it forms 
a compound called phosphorus pentoxide. This is the product of 
combustion when either red or yellow phosphorus is used, and 
this fact may serve to prove that the two varieties are chemically 
identical. This oxide is readily obtained as dense white fumes 
when phosphorus is burnt in either air or oxygen ; these fumes 
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settle into a white amorphous powder whidh dissolves with a 
hissing noise very readily in water, forming an acid solution. 

If left exposed to the air the oxide absorbs moisture, being, 
in fact, one of the most powerful of drying agents, on account of 
which it is frequently used as a dehydrator ^i.e. for the purpose of 
removing moisture from gases or liquids)i For the same reason 
it is of service in promoting many chemfcal reactions, the essen- 
tial part of which is the removal of the llements of water. 

Phosphoric acid and phosphates. — The acid solution which 
is formed when phosphorus pentoxide is dissolved in water is 
known as phosphoric acid.^ We may also obtain the acid 
directly from phosphorus itself by means of nitric acid, which 
is a powerful oxidising agent {i.e. a substance which readily 
gives up oxygen to other bodies). 

When nitric acid and phosphorus, which may be of either 
variety, are gently warmed together, an energetic action results, 
accompanied by an evolution of red fumes. On evaporation to 
dryness a gelatinous product, which cools to a hard glassy mass, 
remains. 

The phosphoric acid so obtained is a crystalline solid which 
dissolves in water. Like other acids, it may be neutralised by 
the addition of caustic soda, and a salt obtained. The salts 
obtained from phosphoric acid are known as phosphates. 

Phosphorus trioxide. — Other oxides of phosphorus exist, how- 
ever, besides the pentoxide, and of these the most important 
is that known as phosphorus trioxide, phosphorus oxide^ or 
phosphorus anhydride. This oxide results, to a small extent, 
when phosphorus burns in air, the quantity increasing when the 
supply of air is insufficient. It is a white solid with a garlic- 
like odour, and it diffeA greatly from the pentoxide in its 
action on water, as it is only very slowly dissolved, forming 
an unstable acid, phosphorus acid, the salts of which are called 
phosphites. 

Manufacture of phosphorus. — Phosphorus is employed for 
various purposes, but the greatest quantity is used for the pro- 
duction of matches, the tips of which consist 8f a little wax with 
phosphorus and potassium chlorate. The chief source of phos- 
phorus is the residue obtained on burning bones, which is 

1 This acid results when the water Is hot : when cold water Is used, another 
acid, which gradually changes to this one, is produced. 
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known as hone dbsh, and consists of phosphate of calcikm. 
This product is converted into phosphoric acid by treating 
with sulphuric acid, when the following change takes place : 

Calcium „ ^ Sulphuric ^ Calcium i Phosphoric 

Phosphate Acid Sulphate Acid. 

< 

The calcium sulphate, being insoluble, is easily separated from 
the acid, which is then Concentrated and heated with powdered 
coke in cast-iron retorts connected with pipes dipping under 
water, by which means phosphorus is obtained. 

The crude phosphorus so prepared is purified by melting 
under warm water, the melted phosphorus being ,then cast, 
while still under water, in the form of round sticks. 

112. NITEIG ACID. 

s^gj^ftreparatlon of nitric acid. —In to a stoppered retort, su^h as is 
tisM in the distillation of water (p. 349), place 30 or 40 grams of 
srpall crystals of potassium nitrate (also known as nitre). Using a 



Pin. —An experiment to show that nltry^ acid easily gives up oxygon. 

u 

funnel, carefully introduce enough strong sulphuric acid to coyer 
the nitre. Replace the stopper. Place the retort on a stand as 
shown in Fig. 236, a*nd insert its neck in that of a flask which is 
continually kept coqI by water, just as in the distillation of watcir. 
Gently heat the retort. Brown fumes are given off in abundance, 
and soon drops of a light yellow liquid are seen to fall into the 
receiving flask. When enough nitric acid has distilled over, remove 
the laboratory burner, and while the materials in the retort are still 
liquid, pour them, after removing the stopper, from the retort into 
an evaporating dish. 

ii. Properties of nitric acid.— Test the action of nitric acid upon 
metals and upon litmus. 
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Hi. Nitric acid easily gives up oxygen. — Procure a clay tobacco 
pipe of the pattern known as a “ church- warden,” and, by means of 
a retort-stand with a clip, support it in the position shown in Fig. 
2ol. Let its stem dip into a pneumatic trough in the manner the 
illustration makes clear. Heat the middle lif the stem with a 
Bunsen burner until it is red-hot. When this is the case, drop 
strong nitric acid slowly into the bowl. J^ou will notice that a 
colourless gas collects in the cylinder ove^ the pneumatic trough. 
When a sufficient amount of the colourlcss.gas has beem obtained in 
the cylinder, lift the stem of the pipe out of the water, and remove 
the burner. Test the gas in the cylinder with a glowing splinter of 
wood. The gas is oxygen. 

Iv. Formation of a nitrate. — Dissolve some caustic soda in water 
and add nitric acid gradually until a blue litmus paper placed in 
the solution just becomes purple. This shows that the acid has 
neutralised the caustic soda. Evaporate tlic solution till crystals 
appear on cooling, and allow the sodium nitrate to crystallise out. 
This experiment is an example of the pnxluction of a neutral salt 
from an acid and a soluble base, or alkali. 

Nitric acid. — One of the most important compounds with 
which chemists are familiar is an acid which has long been 
known under the name of aqua fortis. It is a compound of 
nitrogen with hydrogen and oxygen. It can be prepared by 
synthesis (p. 343) from its constituents, but the experi- 
ment is leather one of theoretical interest than of practical 
importance. It is always prepared by distilling a nitrate with 
strong sulphuric acid. Either potassium nitrate, which is more 
familiarly known as “saltpetre” or “ nitre,” or sodium nitrate, 
also called “Chili saltpetre,” is generally employed. The latter 
salt is the cheaper, and in addition yields a larger amount of 
nitric acid for a given expenditure of sulphuric acid, so that it 
is more commonly employed than ordinary saltpetre in the 
manufacture of nitric acid. 

The changes which^ dike place when potassium nitrate 
is distilled with sulphuric acid in a glass retort, as de- 
scribed in Experiment 112 i., ^ay be expressed by stating 
that 


Potassium Sulphuric 
Nitrate ^ Acid 


form 


Potassium 
Hydro(^n and 
Sulphate- 


Nitric 

Acid. 


> 

In the manufacture of nitric acid on a large scale, however, 
greater heat is employed. This is possible because earthenware 
retorts replace the glass vessel of Experiment 112 i. In 
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these circumstances the chemical change is taken a step 
further : 


Potassium 

Nitrate 


Potassium* ~ 
and SIydrogen form 
Sulphate 


Potassium 

Sulphate 


and 


Nitric 

Acid. 


A further quantity of nitric acid is, in this way, obtained with 
the same expenditure of sulphuric acid. 

For practice the student should write olit statements to 
show the changes that ^take place when sodium nitrate is made 
use of instead of potassium nitrate. 

Properties of nitric acid. — The simple properties of nitric acid 

have been studied in 
the experiments on 
p. 393, to which the 
student should refer. 
Its chief uses and its 
great activity are due 
to the readiness with 
which it gives up 
oxygen, and for this 
‘.eason it is called an 
F.o, 2f,2.-Crystals of lead nitrate. OXldiser. Not only 

does nitric acid give up oxygen when it is pjy^ed over a heated 
surface, as in Experiment 112 iii., but also in coming into con- 
tact with different substances. . For example, if strong nitric 
acid be dropped upon 'leated sawdust, the organic material 
catches on fire. Or, if a stick of charcoal be made red hot and 
plunged beneath the surface of some strong nitric acid, it will 
burn brilliantly at the expense of the oxygen in the nitric acid. 

Nitric acid acts readily upon most rnet 3 -ls. With lead it gives 
off red fumes and the liquid when evaporated yields colourless 
crystals of lead nitrate (Fig. 252). Copper is rapidly dissolved, 
a green liquid being produced, which becomes blue on diluting 
with water, together with red fumes. The liquid on 
evaporation yieldi^dark blue crystals of copfier nitrate. In a 
similar manner mercury nitiate in the form of colourless 
crystals can be made by dissolving mercury in nitric acid. 
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113. AMMONIA. 

1. Prepaxation of ammonia. — [a) Place soma ammonia solution in 
a flask and boil, allowing the gas that 
is evolved to pass over quick -lime or 
solid caustic potash in order to dry 
it. Collect several jars of the gas as 
shown in Fig. 253. Observe the gas has 
the same smell as the liquid and acts 
similarly on red litmus. 

ii. Properties of ammonia.— (a) In one 
jar place a lighted taper. 

[h] Place a second jar in water, and 
note the rapid absorption of the gas 
and the rise of the water in the jar. 

(c) Dip a rod in hydrochloric acid and 
hold it over a jar of the gas. Observe 
the formation of white fumes. 

(d) Shake up a jar of the gas with a 
little water. Kxamine the solution. See 
that it is identical with the “ammonia 
licjuid,” from which the gas was ob- 
tained, and that it loses its odour on 
boiling, the gas being evolved. 

(e) Heat an ammonium salt with caus- 
tic soda or lime, or merely well mix the 
two in a mortar with the addition of ^ 
a little water. Observe by the smell thatr ammonia is pro- 
duced. 

Properties and composition of ammonia.— The liquid com- 
monly known in the laboratory as ammonia has a sharp pungent 
smell and colours red litmus blue. If this liquid be heated, a 
gas is given off which mi«y be dried by passing over quick- 
lime, and collected by upward displacement, as illustrated in 
Fig. 253. It is found that the ‘‘ ammonia liquid ” is merely a 
solution of a gas, viz. ammonia, which is very soluble in 
water, turns red litmus blue, does not support combustion, 
and is apparently, not combustible. In an atmosphere of. 
oxygen, however, the gas readily burns, forming nitrogen 
and water. It hence contains nitrogen and hydrogen^ and 
may, in fact, be proved to have the composition, three 
volumes of hydrogen to one volume of nitrogen in two voldSnes 
of the gas. To prove this, a long tube is filled with chlorine 
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gas, and by mealis of a funnel and tke stopcock (Fig. 254) 

some strong liquid am- 
monia is run into the 
gas. Combination ensues 
between the chlorine and 
the hydrogen of the am- 
monia with the formation 
of white fumes, and fre- 
quently a flash of light. 
The stopcock is then opened 
under water, when .the 
water rises and fills two- 
thii®s of the volume of the 
tube, the gas remaining 
being nitrogen. As chlorine 
combines with an equal 
volume of hydrogen to 
form hydrochloric acid, 
the volume of nitrogen in 
the ammonia is only 
one -third that of the 
hydrogen. 

Fig. 254. — Tube for determining the com- The white fumes formed 

position of ammonia. above experiment 

and by the action of the gas on hydrochloric acid are fumes 
of ammonium chloride : 


Ammonia and 


Hydrochloric 

Acid 


« Ammonium 
form 

Chloride. 


The gas ammonia is very readily driven off from ammonium 
salts by the action of caustic soda. This method is very com- 
monly used for the preparation of the gas. 

When ammonium salts are heated they are generally driven 
into vapour. Ammonium chloride sublimes without decom- 
posing. Ammonium nitrate is decomposed into a gas known 
as nitrous oxide^ which closely resembles oxygen in its pro- 
perties, and water in the form of steam. 
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CHIEF POINTS OF CHAPTER XXIX. 

PhesphoruB, like sulphur, exists in different allotropic forms. 

Ordinary phosphorm is a waxy, translucent sAid of a pale yellow 
colour. It very readily inflames and should ivt, in consequence, be 
handled, and when not in use should be k«pt immersed in water. 
It glows in the dark, evolving white fum«s. It is poisonous. It 
melts at about 43'* C. It is soluble in carbf^ bisulphide. 

Red phosphorus is a dark brownish-red powder, insoluble in carbon 
bisulphide, and only ignites when strongly heated. It is non- 
poisonous. It need not be kept in water. 

Phosphorus and oxygen. — When either ordinary or red phosphorus 
is burnt ir air or oxygen a compound called phosphorus pentoxide is 
formed, xt is a white amorphous powder winch dissolves very 
readily in water, to form an acid solution known as phosphoric acid. 
Phosphoric acid may be obtained directly from phosphorus by 
oxidising it with nitric acid. 

Phosphoric acid forms salts called phosphates. 

Phosphorus trioxide is formed to a small extent when phosphorus 
burns in air, the quantity increasing if the supply of air is 
insufficient. It is a white solid with a garlic-like odour. With 
water it forms phosphorus acid. 

Manufacture of phosphorus. — Phosphorus is usually prepared from 
the residue obtained by burning bones. This residue is a phosphate 
of calcium. By treating this compound with sulphuric acid it is 
converted into phosphoric acid. After concentration the phosphoric 
acid is heated with powdered coke in cast-iron retorts, when 
phosphorus distils over and is cooled by water. 

Nitric acid, sometimes called aqua fortis, is prepared by dis- 
tilling potassium nitrate or sodium nitrate with strong sulphuric 
acid. 

Beirm an acid it has a sour taste and turns a blue litmus paper 
red. It is colourless when pure and is decomposed easily when 
heated. It acts violently on most metals. Its great activity is due 
to the readiness with which it gives up oxygen. 

Ammonia. — When the gas, ammonia, is dissolved in water, the 
solution which is produqea* acts as an alkali. The salts which it 
forms are known as ammonium salts, e.g. ammonium sulphate. 
When the solution of ammonia in water is heated the dissolved 
gas is again driven off and can be dried and collected. 

The gas itself is colourless, has a pungent odour, and is exceed- 
ingly soluble in water. || burns in oxygen, but will not support 
combustion. 
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QUESTIONS ON CHAPTER XXIX. 

1. There are two forms of phosphorus. What are the charac- 

teristic differenced between tliem ? How would you show their 
identity ? Of what i^idustrial importance are the two forms of this 
element ? w 

2. What is formed w^ien phosphorus bums? Give an account of 
the appearance and pi'oj(terties of the product. 

3. What are phosphates, and how may they be obtained ? 

4. Describe, with diagram, an experiment to find the relative 
weights of phosphorus and oxygen which combine during the com- 
bustion of phosphorus (see also Chap. XXIX.). 

5. For what purposes may the higher oxide of phosphorus be used 
in chemical work, and to what property is its use due ? 

6. Give a short account of the mode of production of phosphorus. 
For what purposes is phosphorus chiefly employed ? 

7. You are provided with some nitre and strong sulphuric acid ; 
describe fully how you would proceed to prepare a specimen of nitric 
acid. 

8. Why is nitric acid said to be an oxidiser? Describe an experi- 
ment to show its oxidising power. 

9. State the composition and principal properties of ammonia. 
What happens when it is mixed (a) with water, (b) with nitric 
acid ? 

10. You are given a number of cylinders containing ammonia gas. 
Describe the experiments you woufd make in order to illustrate the 
chemical and physical properties of the gas. 

11. Describe experiments which could be performed in order to 
demonstrate the points of difference between an aqueous solution of 
ammonia and of caustic potash respectively. 



CHAPTER XXX. 

CALCIUM CARBONATE AND SULPHATE; SILICA. 

Ill CALCIUM CARBONATE AND SULPHATE. 

Occurrence of carbonates. — We have already seen that chalk 
consists of calcium carbonate. The production of lime from 
this source, together with its reconversion into calcium carbonate, 
have been studied already in Chapter XXVI. Calcium carbonate 
occurs naturally in several distinct forms, and many rock masses 
are largely or entirely built up of this compound. When pure it 
occurs crystalline as the minerals calcite and arag:onitd, which 
differ only in their crystalline forms and physical properties. 
Calcite is also known as Iceland spar^ calc spar^ and by other local 
names. It is generally quite transparent and somewhat resembles 
quartz, from which it can be distinguished by its inferior hard- 
ness. It is easily scratched by a knife, while quartz is unaffected. 
It is what is called a double-refracting substance. If a clear 
crystal of Iceland spar be placed upon the page of a book and the 
print viewed through it, two images of each word will be seen. 
Calcium carbonate also occurs more or less pure in the earth’s 
crust in a great variety of forms, such as chalk, limestone, 
stalactite, stalagmite, travertine, etc., some of which have been 
formed by purely chemical means, others by the aid of living 
organisms. 

Those formed by chemical means owe their formation to the 
power, possessed by water containing dissolved carbon dioxide, 
of dissolving calcium carbonate, which is again precipitated 
when carbon dioxide escapes. 

Travertine or calcareous tufa is precipitated by springs which 
lose their dissolved carbon dioxide, which is necessary for the 
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solution of the cabiuni carbonate, as they flow onwards. The 
carbonate, being insoluble in water alone, is deposited as soon as 
the carbon dioxide escapes. 

Stalactites and^stalagmites. — The streams traversing lime- 
stone districts become saturated with carbonate of lime. In 
their course they oftep trickle through crevices in the roofs of 
caverns which have beeji foritfed in the limestone by the solvent 
power of water containing carbon dioxide. The drop of water 



Fiu. 255. — Stalactites and stalagmites in Clapham Cave, Yorkshire. 

(From a photograph by Mr, feorge Fowler.) 

which is thereby exposed on the roof, is subjected to evapora 
tion, and the escape of the carbon dioxide and loss of water 
cause a slight deposition of carbonate on the roof, which is 
coilftinuously added to by a constant succession of drops, until 
eventually beautiful pedants of calcium carbonate are formed, 
called stalactites^ koirietimes coloured by the presence of traces 
of iron oxide, and often baving a wild profusion of forms 
(Fig. 255). Further evaporation of the water takes place on the 
floor of the cavern, giving rise to layers of the same chemical 
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Silica is even more widely found than calcium carbonate. It 
constitutes, either free or combined with bases to form silicates, 
about one-half the weight of the earth’s crust. 

In the free state it occurs both crystalline and amorphous. Two 
crystalline varieties are known, one, tridymitCy ij unimportant ; the 
otlier, quartz, is very abundant. 

Many naiids are made up entirely of grains »f quartz. 

Amorphous silica is found in three forms (1 chalcedony, (2) jasper, 
(3) opal. Carnelian, agate, and flint lire common kinds of 
chalcedony. 


QUESTIONS ON CHAPTER XXX. 

1. What IS silica ? How does it occur in nature? 

2. How do flint and quartz differ from and resemble one another ? 

3. Give a short account of the naturally -occurring forms of 
silica. 

4. What is caleite ’ Describe its appearance. 

5. What are stalactites and stalagmites? Of what do they con- 
sist and how are they formed *'' 

6. Describe three naturally -occurring forms ot calcium carbonate. 

7. What effect has chalk upon w^ater wdiich flows through or 
over it ? 

8. Mentifin three minerals consisting of silica, and state by what 
characteristic feature you would recogni.se them. 

9. How would you attempt to prove that limestone, marble, and 
caleite were essentially similar compounds ’ [The student is advised 
to consider well what experiments he has previously earned out with 
calcium carbonate.] 

10. Limestone is dissolved in hydrochloric acid and the solution 
evaporated. Briefly describe the appearance anvi properties of the 
substance which you would expect thus to be obtained. 

11. Describe the naturally-occurring forms of calcium sulphate. 

1‘2. What are the properties and uses of plaster of Pans ? 



CHAPTER XXXI 

SODIUM, POTASSIUM, AND THEIR COMPOUNDS. 

116. SODIUM AND ITS COMPOUNDS. 

i. Action of sodium on water. - Refer to Expt. 94 iv. p. .*134. 

ii. Glauber’s salt or sodium sulphate.— Heat some crystals of this 
substance and notice the large quantity of water driven away. 
Prepare a hot saturated solution of sodium sulphate, pour it into a 
flask and allow it to cool while b6ing kept perfectly still. Drop a 
small crystal into the cold solution and notice the sudden cr} stalli* 
sation, and at the same time the production of a large amount of 
heat. 

iii. Caustic soda or sodium hydroxide. — Throw some lime into 
cold water till on stirring a milky liquid is obtained. Pour some 
of this liquid into a dish and add a few crystals of washing soda. 
Boil the mixture of lime and washing soda for five minutes and 
allow the muddy Lquid to settle. Pour off the clear solutidti and 
evaporate it to dryness. A hard white Solid, sodium nydrCTxide, 
is ODtained. Notice that when it is left exposed to the air it soon 
absorbs moisture. Dissolved in some water the sodium hydroxide 
produces a solution which seems soapy when touched ; it tastes very 
bitter. 

iv. Washing soda. — Heat some crystals of washing soda and notice 

the large quantity of water driven away. Test some solution of 
washing soda in water with litmus prfper. Examine the action of 
dilute acid upon washing soda. * 

Sodiaall^^This <ixetal has already been referred, io in two 
experiments. It is a soft silvery-coloured metal which so 
rapidly rus^ts or oxidises on exposure to air that it must be kept 
in bottles under mineral oil which contains no oxygen. It is 
easily cut with S, knife. It burns in air or in oxygen with a 
yello\7 flame. Sodium combines with other elements so power- 
fully that it is only set free with difficulty. Davy used a strong 
electric current to electrolyse some melted caustic soda. Sodium 
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is now prepared by the electrolysis of a fused mixture of 
common salt with other chlorides. • 

Sodium is a very widely occurring element. Its commonest 
compound is that witli chlorine or common salt, see Chap. XXVII. 
Combined with nitric acid it forms Chile laltpetre found in 
Chile and Peru (see p. 408), and it is also constituent of some 
kinds of rock. 

Common salt.— See Chap, XXV 11. 

Glauber’s salt, or sulphate of sod4 is made by heating 
common salt with sulphuric acid. It is the substance remaining 
in the flask when hydrochloric acid is prepared, as on p. 367. 

Glauber’s salt contains no less than 56 per* cent, of water of 
crystallisation, which it gives up readily when exposed to the 
air, a white powder foiniing on the colourless transparent 
crystals. When heated the crystals melt, and at 100° lose all 
their water and become converted into the white anhydrous 
powder. 

Sulphate of soda is found in some natural waters, and was 
formerly much used in medicine. 

Washing soda, or sodium carbonate, crystallises in large 
transparent crystals containing nearly 63 per cent, of water. 
The crystals rapidly lose this water on exposure to air or when 



o. 2r)6.--- Fresh Crystals of Soda, (From Fig. 257.— Crystals of Soda after exposure 
a photoirraph by Mr. H. E. Hadley.) ' to the air. (From a photograph bv 

Mr. H. E. Hadley.) 

heated, and fall into a fine white powder.* .Washing soda is 
very soluble in water, 100 parts of which at 100“ dissolve 46*5 
parts of the crystals. When the fingers are dipped into the 
solution it is found to possess a soapy nature. 
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Washing soda changes litmus, previously reddened with acid, 
to its original blue colour. It is thus capable of neutralising 
acids, and in the process carbon dioxide escapes freely. 

The manufacture of washing soda is a very great industry, 
known as the alkali manufacture. The explanations of the 
processes employed,' of which there are two, are not easy to 
understand at this sVage. It will be sufficient to say that in 
both cases the soda is^ made from common salt. In the fii’st or 
Leblanc process, the salt is heated with sulphuric acid, and the 
sodium sulphate so produced is strongly heated with a mixture 
of limestone and coal. The soda is dissolved out from the 
resulting substance, called black ask, by hot water. In the 
second and later process washing soda is made by passing 
carbonic acid gas and ammonia through a strong solution of 
common salt. 

Sodium bicarbonate is made by passing carbon dioxide gas 
into a solution of washing soda. It forms transparent colourless 
crystals which produce a cooling effect upon the tongue The 
crushed crystals are generally sold, as a white powder, for 
making effervescing drinks. When strongly heated the bicar- 
bonate gives off carbon dioxide gas and is changed into the 
ordinary carbonate. 

Caustic soda, also known as sodium hydrate or sodium 
hydroxide, is produced when sodium is placed in water 
(p. 334). The solution then obtained, if evaporated, becomes 
thicker and oily in appearance. If sufficiently strong the 
solution will crystallise. In practice caustic soda is made by 
a much cheaper process. Washing soda and quicklime are 
boiled together and then allowed to settle. The clear liquid 
above the white mud (consisting qf chalk) is a solution of 
caustic soda. This solution is concentrated and poured into 
moulds to solidify into the sticks in which form it is sold. 

Caustic soda is a strongly alkaline substance which eats into 
or “burns” away the skin. It rapidly absorbs moisture from 
the air, finally becoming liquid if not preserved in a closed 
bottle. It also strongly absorbs carbon dioxide gas from the air 
and gradually becomes coated with a layer of sodium carbonate. 

Caustic soda is used in the manufacture of soap, paper, and 
starch, and for many laboratory purposes. 
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117. POTASSIUM AND ITS COMPOUNDS. 

i. Action of potassium on water. — Repeat Expt. 94 iv. p. 334 
using potassium in place of sodium. Similar results will be 
obtained, but the production of hydrogen is more energetic and 
the experiment requires still more caution. • 

ii. Potassium chlorate. — Refer to Expts. 91 i. ii. and iii., pp. 323-4, 
for experiments with this substance. • 

iii. Caustic potash or potassium hydroxide. — Repeat Expt. 1 16 iii. 
p. 404 using potassium carbonate in place of washing soda. Notice 
the very close resemblance between sodium and potassium hydrates. 

iv. Nitre, saltpetre, or potassium nitrate. — This substance has 
already been used for the preparation of nitric acid. We may 
show that it contains a large quantity of oxygen in several ways, 
(a) Heat some crystals of nitre in a test tube and, when melted, 
drop into the liquid a small piece ot charcoal. Tiio charcoal burns 
with great energy. Tlie experiment may be repeated with a small 
piece of sulphur with similar results. 

{b) Prepare a saturated solution of nitre in water Dip a filter 
paper into the solution and dry it by waving the paper over a 
lighted Bunsen burner. When dry apply a light to the edge of 
the paper. It will be found that the paper burns away quickly 
as far as it has been dipped into the solution, a sparkling line of 
fire taking the place oi a flame. Paper thus prepared is called 
touch-paper. 

V. Potassium permangranate.— (a) Drop two or three crystals into 
a test tube of water and notice the fine purple colour produced as 
the crystals dissolve while falling through the water. 

(6) Heat a small quantity of the solid permanganate in a test tube 
and test for oxygen escaping by means of a smouldering cedar splint. 

Potassium. — This metal resembles sodium very closely in all 
its properties. The chief difference, so far as the elementary 
student is concerned, lies in the fact that because of its stronger 
attraction for oxygen it is still more difficult to obtain than 
sodium. It was discovered in the same way as sodium and is 
also prepared on the Ifjrge scale by a similar method. 

Potassium is a soft bright metal which taimishes even more 
rapidly than sodium. It is therefore preserved under mineral 
oil or naphtha which contains no oxygen. It may be easily 
distinguished from sodium by the fact that when thrown on 
water the heat produced is sufficient to set §re to the hydrogen 
set free. The hydrogen flame is tinged with violet by the 
presence of the vapour of potassium. 

Potassium carbonate is the chemical name for the substance 
obtained from wood ashes, whence its old name of pot-askea^ 
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The ashes are lixiviated with water, tliat is, water is allowed 
to dissolve as much as possible of the ashes and the clear liquid 
drawn off and evaporated. At the present time most of the 
potassium carbonate is obtained from Stassfurt where are 
found large deposits of sylvine (a double chloride of potassium 
and magnesium), and of kainite (a complicated compound of 
sulphates and chloride). 

The pure carbonate forms coloui’less crystals which, on heating, 
yield water and a white anhydrous powder which rapidly 
absorbs moisture from the air. 

Potassium chlorate. — This substance has been already referred 
to in Chapter XXIV. for the preparation (jf oxygen, and also in 
Chapter XXVII. under “ chlorine compounds ” 

Caustic potash or potassium hydroxide resembles caustic 
soda very closely except that it absorbs moisture from the 
air somewhat more readily. It is produced when potassium is 
thrown into water. Like caustic soda it must be kept fi*om the 
air since it has a very strong attraction for carbon dioxide gas 
and forms with it potassium carbonate. It is sold in sticks and 
is only distinguished from caustic soda by careful tests. Caustic 
potash IS made by boiling a solution of potassium carbonate to 
which lime is gradually added (cf. caustic soda, p. 406). It is used 
for the same purposes as caustic soda, such as soap making, etc. 

Saltpetre, or nitre, or potassium nitiate occurs in the soil in 
India and othei* countries. Chile saltpetre or sodium nitrate, 
from which most of the potassium nitrate is obtained, is found 
in Bolivia and Peru. 

From the soil the potassium nitrate is prepared by simply 
stirring it with water, concentrating the clear solution and 
crystallising. To obtain it from the sodium nitrate, potassium 
chloride is added to the solution, when ipotassium nitrate and 
sodium chloride are formed. The former crystallises out before 
the latter, which is more soluble in water. 

Potassiuih nitrate forms colourless transparent crystals which, 
when heated, melt to a clear liquid and afterwards give off oxygen. 

If some charcoal or sulphur be thrown on some melted nitre 
either takes fire an5 biirns with great rapidity. 

Nitre is chiefly used in making gunpowder and fireworks. 
The sodium nitrate cannot be used for this purpose because 
on exposure to the air it absorbs moisture and becomes wet. 
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Q-unpowder is made by carefully mixing together 75 parts of 
nitre, 15 parts of charcoal, and 10 parts of sulphur. These 
substances are finely powdered, then mixed by hand, and 
finally while wet, thoroughly ground together in a powder 
mill. The cake thus obtained is broken ujf between copper 
])lates, the pieces are subjected to pressift'e, wliich produces 
granulation, and finally are glazed hy being placed in revolving 
drums. 

The } lower of gunpowder arises from the sudden formation of 
a very largo volume of gas consisting of carbon dioxide and 
nitrogen. 

The composition of gunpowder may be ascertained by first 
dissolving out the nitre witli boiling water, the powder being 
placed on a filter paper. The sulphui* is next extracted by 
means of carbon bisulphide, and the (‘arbon or charcoal remains. 

Pota/Ssium permanganate is manufactured by heating 
together the black oxide of manganese, potassium chlorate, and 
c-austic potash. The hard dark-coloured residue is boiled with 
water and allowed to settle. The clear liquid is evaporated and 
crystallbed. 

Potass, urn permanganate forms small dark reddish-purple 
crystals vhich are soluble in water*, producing a very deeply 
coloured solution. This solution is much used in the laboratory 
on account of the ease with which it liberates oxygen either on 
being heattd alone or with sulphuric acid. It is a powerful 
deodorantar d disinfectant. Sodium permanganate, which closely 
resembles it, is knc^wn as Condy’s Disinfecting Fluid. 


CHIEF POINTS OP CHAPTER XXXI. 

Sodium is a s(ft metal having a powerful attraction for oxygen. 
It must be preierved under mineral oil. It decomposes -i^ater 
sotting the hydrcgcn free. It burns in oxygen or in air with a 
yellow flame. 

Common salt.-~S%e Chapter XXVII. 

Glauber’s .salt or ■podium sulphate is made by heating together a 
mixture of common mlt and sulphuric acid. It i^ chiefly produced 
in the manufacture of washing soda and is remerkaole for its 
solubility in water an^ for the large amount of water of crystallisa- 
tion it contains. 

Washing soda or sod^im carbonate forms large colourless crystals 
which are very soluble m water and contain a large amount of 
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water of crystallisation. It neutralises acids, carbon dioxide being 
set free. It is made in immense quantities in the alkali industry. 

Caustic soda or sodium hydroxide is a very powerful alkali. It 
forms a soapy liquid when dissolved in water which burns the skin, 
whence its name. It is largely used in the manufacture of soap, 
paper, etc., and is^a useful substance in many laboratory processes. 

Potassium closely resembles sodium. It acts violently on water 
and the hydrogen it sets free takes 'fire. 

Potassium chlorate. -r See Chapter XXVII. 

Caustic potash or potassium hyflrate is so much like caustic soda 
that it IS not readily distinguished from that substance. 

Saltpetre, or nitre, or potassium nitrate occurs in the soil in hot 
countries. It is a crystalline .salt having a cool taste. It is chiefly 
used for making gunpowder because of the large quantity of oxygen 
which it contains. 

Gunpowder is a mixture of nitre, charcoal, and sulphur. It owes 
its power to the large volume of carlKin dioxide gas and nitrogen 
suddenly set free when it burns. 

Potassium permanganate is a dark reddish-purple crystalline 
substance which contains and easily liberates a large quantity of 
oxygen. It is this oxygen which makes it a powerful disiriectant 
when dissolved in water. In solution it forms a deep violet- 
coloured liquid. 


EXERCISES ON CHAPTER XXXI. 

1. Describe what happens when (a) sodium, *{h) poUvSsium are 
thrown into water. What substances are produced in eech case ? 

2. Give the chief properties of Glauber’s salt. 

3. Write a short account of the manufacture and properties of 
washing soda. 

4. For what purposes is caustic soda employed ? 

5. How could you clearly distinguish between specimens of 
potassium carbonate and potassium chlorate ? 

6. For what purpose is saltpetre chiefly used? What happens 

when saltpetre is strongly heated in a* tube and a piece of sulphur 
is thrown into the heated substance ? * 

7. Suggest a method of ascertaining the perceitage of saltpetre 
in a sample of gunpowder. 

8. How can you obtain oxygen from potassUm permanganate? 
What are the uses of this substance ? 
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SOME COMMON METALS. 

118. GENERAL CHARACTERS OF METALS. 

i Some familiar metals. — (a) Examine specimens of lead, copper, 
iron, zinc, tin, silver, gold, sodium, and mercury. Notice that 
while most are heavy solids, sodium floats on water, and mercury is 
a liquid. 

{h) Observe they are all opaque and possess a “metallic lustre.” 
Compan) with ciystals of iodine to satisfy yourself that some non' 
metals possess a lustre. Examine a very thin sheet of gold between 
two glass plates ; it is transparent. 

ii. All metals are not elements. — Examine brass, gun*metal, 
pewter, German-silver, bronze, solder. These are aJ/oys or mixtures 
of metallic elements. The metallic characters are not lost by 
mixing metals together. 

Metallic elements.— Though most people have some idea of 
what a metal is, it is a somewhat difficult matter to say exactly 
what const! til tes a metal. The fact is, that the elements cannot 
be sharply divided into two classes with all those that possess 
metallic propevties in one division, and those in which such 
characteristics a.re absent in the other. It is an easy thing to 
enumerate the lespects in wffiich, say, the metal gold and the 
non-metal oxyger diffeij from one another, but there are many 
elements, like arsaiic, which possess properties common to both 
typical metals and diaracteristic non-metals. 

But, as a rule, metals may be said to possess the following 
properties, though the student must remember that exceptions 
are known, to nearly every one of the statements. 

Characters of 1 . Metals possess* a peculiar lustre, 

which is commonl;^ Te^^rred to as “ metallic.” But iodine and 
graphite, which are ^undl^ubtedly not metals, also have a lustre 
very like metals. 
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2. Metals are opaque. Yet gold can be rolled into sheets 
which are transparent to light. 

3. Metals are very dense, or possess a high specific gravity. 
Sodium and potassium are unmistakable metals, yet they float 
upon water. 

4. Metals, as a x'-ule, are good conductors of heat and 

X 

electricity 

5. Metals unite with, oxygen, or with oxygen and hydrogen, 
to form bases, which neutralise acids. 

Alloys. — All metals are not elements. Many of the familiar 
metals in common use are mixtures of metallic elements called 
alloys. When one of the metals present is mercuiy the alloy is 
known as an amalgam. The following table shows the metals 
present in some common alloys 

Alloy. Metallic Elements Present. 


Bell-metal, 

Brass, 

Bronze, . 
German silver, 
Gun -metal, 
Pewter, . 
Solder, . 
Type-metal, . 


Copper and tin. 

Copper and zinc. 

Copper and tin with some zinc and lead. 
Copper and nickel 
Cbpper and tin. 

Tin and lead. 

Tin and lead. 

Lead, tin, and antimony. 


119. LEAD. 

i. Properties of lead, — {a) Scrape a ]jiece of lead and examine its 
metallic surface ; incidentally notice that it is ixuch softer than 
steel. 

{b] By the method described on p. ‘60. determine the relative 
density of lead. 

(c) Sxamine lead in the forms of sheets and wires. What 
properties must lead possess in order to be avai'ahle in these forms ? 

il. Heating lead in air.— (a) Melt lead in ar iron spoon and pour 
the liquid metal into a mould made in sand. 

(b) Melt more lead and keep the liquid me<al stirred with an iron 
wire. Observe tha^- it combines with the oxygen of the air to form 
yellow oxide of lead (litharge). 

iil Lead obtained from its compounds.— (<# Strongly heat some 
red lead on a piece of charcoal by means of a blow-pipe. Notice the 
globules of the metal which separate. 

(6) Heat a mixture of lead oxide and powdered charcoal in a 
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crucible by means of the flame of a foot blow-^ipe. Again notice 
the separation of metallic lead. 

iv. Lead Is soluble in nitric acid. — Upon some fragments of lead 
in a test-tube pour some moderately strong nitric acid. Notice the 
brown fumes and the gradual solution of the lead. When the lead 
has dissolved, add water to the solution and gently evaporate on a 
sand-bath till nearly dry. Place on one side for a short time and 
notice the salt, lead nitrate, which separatofe in crystals. 

• 

Lead. — Lead has a bluish colour, ^hich can be seen by 
examining an untarnished surface of the metal. The bright 
metal, however, soon tarnishes on exposure to air. It is 
11^ times as heavy as water. It is very malleable and fairly 
ductile. It melts at 326‘'C. into a silvery fluid, which can be 
easily cast in moulds. Melted lead combines with the oxygen 
of the air to form yellow litharge. If this be strongly heated it 
will combine with a further quantity of oxygen to form the red 
oxide. Though it easily dissolves in nitric acid, forming lead 
nitrate (p. 394), hydrochloric acid and sulphuric acid have little 
if any, action upon it. 

In nature, lead occurs combined with the element sulphur as 
the ore galena, which is lead sulphide. But many other ores 
are known. 

The metal is made into sheets and pipes and extensively 
employed by the plumber. Alloyed with other metals it occurs 
as pewter, solder, and type-metal (p. 412). 


120. lEON. 

1. Properties of iron. — (a) Determine the relative densities of steel, 
wrought-iron, and cast-iron by the methods described on p. 62. 

{h) Recall and, if nec^ss’^ry, repeat the experiments dealing with 
the rusting of iron on p. 307, that concerning the burning of iron in 
oxygen on p. 326, and the action of acids upon it. 

(c) Revise what has been studied of the magnetic properties of 
the metal (p. 243). 

Iron. — Iron is by far the most important metal known to 
man. The discovery of how to obtain it fi^m the minerals in 
which it occurs was probably the most valuable ever made. 
Though it is very abundant in nature, it is rarely found 
uncombined. It has been found in certain strange masses, 
called meteorites, which drop upon this planet from inter-stellar 
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space. In the earth it is found combined with oxygen, forming 
oxides, as magnetite and haematite ; as oxides combined with 
water in limonite and gotkite ; with sulphur, as the sulphides, 
iron pyrites and magnetic pyrites ; with cai’bon dioxide, as the 
carbonates, day \ron-8tone and chalyhite ; and other less 
important ores. ^ 

Three kinds of iron. — Iron is known and used in three 
forms, wrought-iron, ca'Jt-iron, and steel. The first is almost 
the pure element, but cast-iron contains also varying amounts 
of carbon and silicon. Steel contains the same elements as 
cast-iron, but the amount of carbon is considerably smaller. 
The different uses to which these varieties of iron are put 
depends upon the difference in properties they possess. 

Wrought-iron is very tough, and can easily be beaten out 
into plates. For those articles which are made by hammering 
the iron into shape, wrought-iron will evidently be used. 

Cast-iron is, on the other hand, brittle and easily melted, 
and consequently is employed in all cases where the article is 
made by running the molten metal into moulds. 

Steel has different properties according to the processes 
through which it has passed. If it has been heated and then 
cooled very quickly, it is extremely hard but very brittle ; but if 
cautiously heated and cooled very much more slowly, it is no 
longer brittle but elastic. This latter process is called tempering. 
Another very important property which steel possesses is that 
it can be made into a magnet which will keep its magnetism for 
a very long time. All the magnetic needles used in telegraphing, 
and in electrical instruments of other kinds, are made of steel. 

The relative densities of different kinds of iron are seen from 
the following table : i. 

Steel, not hammered, . . . 7 '82 

Iron, bar, 7*79 

Iron, cast, 7*21 

Oxides of iron. — Iron combines with oxygen in several 
proportions. The following table shows the proportions of the 
masses of iron and oxygen present in each case : 


Ferrous oxide, . 
Ferric oxide, 
Tri-ferric tetroxide, . 


.56 of iron with 1 6 of oxygen. 
112 „ 48 

168 „ 64 
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The first of these does not occur in nature a?^a mineral. It 
combines with acids forming the seiies of salts known to 
chemists as ferrous salts, one of which, ferrous sulphate (green), 
is known naturally as the mineral copperas. 

The second, ferric oxide, is fairly abundant in nature. It 
constitutes the beautifully crystallised mineiyl speculor iron ore, 
found in Elba. It also makes up the mineral haematite^ which 
goes under the names of kidney ore and penqjl ore in the Furness 
district of Lancashii*e, according to the shapes which it naturally 
assumes. 


121. COPPER. 

L Properties of copper. — {a) Examine copper in the form of bars, 
sheets, and wires. Notice its colour. From these varieties what 
properties of the metal can be deduced ? 

(h) Hold one end of a copper wire between your finger and thumb 
and put the other in the name of a laboratory bui ner. You will 
soon be convinced that copper is a good conductor of heat. 

it Heating copper in air. — (a) Heat a piece of sheet copper over 
the flame of a laboratory burner. Notice the formation ot a black 
film. This IS the black oxide of copper. 

(b) Refer to the experiment on p. 344, and recall the action of 
hydrogen gas upon this black oxide when the latter is heated. 

iii. Action of copper on acids. — Try the action of the common 
acids upon fragments of copper placed in test-tubes. 

iv. Iron can displace copper from its solutions.— Into a solution of 
blue vitriol (copper sulphate) plunge the blade of a knife. Observe 
the deposition oi copper on tlie blade. The iron of the knife passes 
into solution and takes the place of the copper. 

V. Alloys of copper. — Examine specimens of brass, bronze, bell- 
metal, and gun-metal. Compare them with copper. 

Copper. — Copper is a rec^ metal which is found naturally 
in an uncombined or “native’’ condition. It also occurs as 
ruby copper, which is an oxide of the metal, cuprous oxide ; 
and more abundantly as copper pyrites, a compound of the metal 
with iron and sulphur. Copper-glance and malachite are also 
well known ores of copper. 

Copper is hard and does not, when cold, change in dry air, 
though in moist air it slowly becomes covered Vith a green 
compound, due to the combination of the metal with carbon 
dioxide and water. When it is heated in the air copper 
combines with oxygen to form black oxide of copper. 
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The metal is^iiearly nine times as heavy as water. It is very 
ductile, and can be drawn out into very thin wires ; its great 
malleability enables it to be rolled into very thin sheets, which 
are known as Dutch leaf. It is a good conductor of heat and 
of the electric current. Everybody is familiar with the use of 
copper wires to *'c^onduct elective curi'ents from one place to 
another. 

Moderately strong nitric acid dissolves copper forming with 
it a blue liquid, copper nitrate. Hydrochloric acid does not act 
upon the metal, nor does dilute sulphuric acid, but when copper 
is heated with strong sulphuric acid the metal is dissolved with 
the formation of copper sulphate, sulphur dioxide being evolved. 

The alloys of copper are both numerous and useful. As an 
examination of the table on p. 412 shows, copper is mixed with 
tin in varying proportions to form bell-metal and gun-metal ; 
with zinc to make brass ; with nickel in the manufacture of 
German-silver ; and with tin, zinc, and lead to produce bronze. 


122. MEECURY. 

Properties of mercury.— (a) Determine the relative density of 
mercury by means of a density bottle as described on p. 62. 

(h) Using the apparatus employed in the lixperiments doscrd>ed 
on p. 63, show that a column of mercury 1 inch higli balances a 
column of water between 13 and 14 inches high. The relative 
density of mercury is consequently between 13 and 14. 

(c) Satisfy yourself by trial, (1) an iron key floats on mercury, 
(2) mercury does not wet glass, (3) mercury adheres to clean zmo 
or copper, forming what is called an amalgam. 

{d) Boil a little mercury in a test-tube and show that it is volatile. 
Some of the mercury condenses in tiny drops on the cool parts of the 
tube. Take care not to breathe any o^ tlie vapour. 

(e) If necessary, repeat the experiment of heating red oxide of 
mercury (p. 321). 

Mercury,— Mercury or quicksilver is the only metal which 
is liquid at ordinary temperatures. Its appeaiunce is familiar 
to everyone f^om its frequent use in barometers and ther- 
mometers. It sometimes occurs pure in nature. Chiefly, 
however, it occurs in combination with sulphur as the mineral 
cinnabar (red\ which is found in Spain, Hungary, Tuscany, and 
Sikith America. If mercury is cooled to a temperature of - 40° C* 
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it solidifieH, aud is then malleable. It is the heaviest liquid 
known, being 13i times as heavy as water. 

If it be heated to a temperature of 315° C. and air be passed 
over it, it combines witli oxygen, forming red oxide of mercury. 
At ordinary temperatures the oxygen of tile air has no action 
upon it and the metal does not tar nish by simple contact with 
air. It boils at 357*5°, and is converted into a transparent, 
colon r*less vapour, which is very poisonous. It dissolves many 
metals, e.g. zinc and copper, forming alloys known as amalgams. 

Not only is it used in barometers and tliermometiijs, but also 
in the manufacture of looking-glasses and in the laboratory, 
instead of water, over winch to collect some gases soluble in 
water. 

Hot concentrat€^d sulphuric acid dissolves mercury, the action 
being exactly similar to that in the case of copper (p. 382). 
Nitric acid, too, dissolves it readily. 


123. ZINC. 

i. Properties of zinc. — («) Examine some strips of zmc and make 
out as many properties as you can 

(5) Determine its relative density 

(e) Heat some pie(*es of zinc m an iron ladle and pour the liquid 
metal, drop hy drop, into a bucket of water. The metal is cooled 
in the form of granulated zim; 

ii. Action of acids upon zinc,— («) Ke-read and, if necessary, 
repeat Experiment 95 i 

(?>) Pour a little dilute nitric acid upon some fragments of zinc in 
a test-tul^(‘. Warm the solution. Filter and evaporate to dryness- 
zinc nitrate is thus obtained. 

Zinc. — Zinc occurs in nature combined with sulphur in the 
form of zinc sulphide, making the well-known ore zinc blende, or 
black jack, llie carbonate of zinc occurs as the ore calamine. 
Zinc is a bluish-white metal about seven times as heavy as 
water. It does not readily combine with the oxygen of the air 
and is extensively used to coat iron-plates to prevent their 
rusting. These sheets are known as galvanised iron. Zinc 
is also one of the constituents of brass. \\^en zinc is heated 
strongly in air it readily combines with the oxygen, the 
combination being accompanied by a greenish flame. 

As has been seen in studying hydrogen, zinc is easily dissolved 
n.s.i. 2 d 
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by both sulphuric and hydrochloric acids, the hydrogen of th 
acid being evolved, and zinc sulphate, and zinc chloride, being 
formed. 


124. SILVER AND GOLD. 

I 

1. ^i;pp6rtie^of silver.— (a) Examine a piece of silver and notice 
as of its properties a*s possible. I>3termine its relative, deusity. 
Recall the uses of silver, ahid in this way remind yourself that silver 
does not tarnish, i.e. combine in ordinary circumstances with the 
oxygen of t’ ; air. 



t''"/ ' - *“',v ' 

’’la. 4158. — Simijle method of showing^th^t silver is a better 
conductor of licat than electro-plate. 

(b) If possible, examine a sheet of thin silver leaf between two 
^ iuM ts'of glass. Observe that when very thin it tiansinits blue ligtit. 

(c) Place a silver spoon and an ordinary electro plated spoon upon 
a sand-bath, as in Fig. 258. Upon the end of eaeli put the end oi ;a 
wax vesta without any wax wdth it, or hold the head of a match 
the end of each whtfii they are hot. Heat the sand-bath by pla 

a Bunsen burner under it. The match on the silver spoon will ^ H 
fire before that on the other spoon. 

ii. Silver coins contain copper.— Dissolve a threepenny pi(;(;e a 
moderately strong ni trie acid, Notice the blue colour of the solution. 
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Refer to Experiment iii. and satisfy yourlelf that silver coins 
contain copper, and that sijver is soluble in nitric acid. 

iii Action of lii^lit on silver compounds.— To a solution^of silver 
nitrate add a little dilute hydrochloric acid, and notice the white 
precipitate which is at once formed. Filte# the solution and so 
obtain the white precipitate on a filter pap^r. Leave i^^glpEed to 
light, and note its gradual change of colou|\ : 

iv. Properties of gold, —{a) Roll up a sjieet of gold-l^f and drop 
it into strong nitric acid contained in a test-tube. Tl4f|?gold is not 
dissolved even wlien the acid is M^armed. • 

(6) Add strong hydrochloric acid to the nitric acid- in the last 
experiment, in this way making what is called aqua rtgia. The 
gold is now dissolved. 


^ilver. — Silver is a white metal about ten and a half times 
fcheavy as water. It does not taiTiish when exposed to 
^wr, even when heated. It is consequently much used for 
and for ornamental purposes. It is, however, too soft 
used by itself, and is generally alloyed with copper, 
coins contain about seven and a half per cent, of 


tmore readily 
len hammered 


Silve^ conduced heat and the electric curni 
than any other metal. It is very malleable. 


into very thin leaves it is transparent to some constituents of 
white light, transmitting the light of wave-lengths correspond- 
ing to the blue end of the spectrum. Silver is also very ductile 
and <ian be drawn out into wires of exceeding fineness. 


Acids act upon silver, producing similar effects to those which 
have been studied under copper. Thus, hydrochloric acid has 
no action on silver ; nitric acid dissolves it, forming silver 
nitrate, and evolving oxides of nitrogen ; and hot concentrated 
sulphuric acid dissolves silver, forming silver sulphate, and 
giving off sulphur dioxide.* 

Silver forms with sulphur a black sulphide of silver. This 
explains the blackening of silver in ordinary rooms lighted 
1)^ coal gas. The coal gas nearly always contains slight traces 
of sulphuretted hydrogen, which act upon the silver 
* e formation of the black sulphide of the metal. Similarly, 
dia-rubber contains sulphur, and if a silver ^oin is left in c6n- 
^ with a piece of india-rubber, the same blackening is n^ced, 
.Several compounds of silver, notfibly the chloridef^ the ftromtrfi 
aW the iodide^ are blackened by exposure to light, a||act whi^ 
forms the basis of photography. 
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Gold. — Gold is xiearly always found iiativo (p. 415) in 
nature, tliougli it also oivurs alloyed witli other metals. Every- 
body is familiar with its bright yellow colour and with the 
circumstance that it is unacted upon by the air. It is moi*e 
than nineteen tunes Injavier tlian water It is unacted upon by 
any of the common acids acting singly, though a hot mixture of 
strong liydyochloric acid and nitric acid will dissolve it. For 
this reason the mixture n-f th(*se acids is known as aqua regia. 

Gold is too soft in the ]nire state to lie used either for coinage 
or for jewellery and is always alloyed with cojijier This gives 
rise to the ein})loyinent of the term carat. Pure gold is known 
as 24 carat gold. The British sovei-eign, which contains 22 
parts of gold in 24 paits of the coin, is said to be made of 
22 carat gold. Similarly, 9cai*at gold consists of 9 parts of gold 
in every 24 parts of tlie ai‘ti<‘le made of it. 

It is the most malleable and most ductile metal known. Gold 
leaf has been made into sheets so thin that it would rerpiire 
more than a (piarter of a million of them together to make a 
thickness of an inch. (h>id wire of such an extreme thinness 
has been manufactured that twr> miles of it only possess a 
mass of 1 gram. Ordinary gold leaf, such as is used for gold 
lettering, is transparent to some constituents of the spectrum ; 
it transmits green light quite readily. 


125. PREPAEATION OF SOME COMMON METALS 
FROM THEIR ORES. 

Zinc. — The carbonate or sulphide when strongly heated or 
calcined in a current of air becoma^ changed into the oxide. 
The oxide is heated strongly with (‘oa^i, which at a very high 
temperature removes the oxygen, leaving the zinc. The mixture 
of oxide and coal IkS* heated in iron retorts and the zinc distils 
over into iron receivers. 

Iron is obtained from its ores by reduction. A mixture 
of coal, limeatope, and the iron ore previously calcined so that 
it consists chiefly of oxide, is strongly heated in a lai'ge furnace 
some eighty feet in height, and a supply of hot air is forced into 
the heated mass by means of tubes, called tw/eres^ arranged near 
the base. The hot coal xvith the oxygen in the blast forms 
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carbon monoxide, a very powerful reducmjf agent. The reduc- 
tion of the ii'on oxide takes place part of the way down the 
furnace and the iron gradual ly works downwards, starting as a 
pasty mass but becoming (piite licpiid at the bottom. Here it 
IS found beneath a layer of melted slag, winch consists of silica 
from the ore combined with the lirnestyiie The melted iron^is 
run otr into branched grooves made»in sand and on cooling 
is known as pig iron or cast ii’on. i 

Copper. — The smelting of coppei oie is a complicated process. 
If the ore contains no sulfihiir it is heated strongly with coal or 
coke which removes the oxygen, if sulphur is present the 
operations are not so simple, for it is iinjiortant that no 
sulphur be allowed to I'emain in the final ])rodiict. The ore 
is r*oast(‘d and melted repeatedly, and the nmss of nearly 
pure melted copper is stiiied finally with wooden poles till 
all trace of sulphur is removed 

Mercury. The ores are roasted, the sulphur passes off as 
sulphur dioxide, the mercury distils over and is collected in 
a series ()^>cool vessels. 

Lead. — The ore galena, oi lead sulphide, is first roasted in 
a stream cn air. Part of the sulphide absorbs oxygen from 
the air and becomes sul^iate. llie temperature is now raised 
and the salphate and tne remaining unchanged sulphide act 
upon one a lather, the sulphur escaping as oxide. The lead 
now set free melts and flows to the bottom of the furnace. 

Silver. — This metal is prepared by three processes. In the 
first ii^rcury is mixed with the ore, after previously treating 
it with salt, and the two metals form an alloy from which the 
silver is obtained by distilling off the mercury. 

In the second procesi the silver ore is heated with some 
lead ore. The lead ?ind the silver together form an alloy. 
The lead is removed by melting and blowing air over the 
surface. Lead oxide is formed, melts on the surface oP 
the heated mass, and is blown away by the blast of air, till 
at last the pure liquid silver appears. 

In the third process the ore is heated carefully in a curi'ent of 
air until the silver is changed into sulphate. The sulphate 
of silver is dissolved in water and the silver is removed from 
the solution by placing in it some scrap copper upon which the 
silver is deposited. 
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Metals. — Metals possess a peculiar lustre; they are opaque and 
very dense ; they cofiduct heat and electricity well ; they unite 
with hydrogen and oxyg^'n to form bases. 

Mixtures of metallic ekmients are called aHoyn. 

Lead has a bluish eoloi.r; its density is 11%5; it is malleable 
and ductile ; it melts at 0. With tixygen leiul forms htliarge 

and red-hiad ; with sulphur it forms (/alemi. It is one of the 
constituents of pewter, solder, and type-metal. 

Iron is the most important of metals. It is used in three forms, 
wrought-iron, cast-iron, steel. These forms have different properties. 
It is abundant in nature, e.g. combined with oxygen it forms lode- 
stone and haematite ; with sulphur, iron pyrites ; with carbon dioxide, 
clay ironstone. Its density varies from 7*2 to 7*H. 

Copper has a red colour, it is hard, and does not change in dry 
air. Its density is about 9. It is very malleable and ductile. 
It is a very good conductor of the electric current. Common 
minerals in which it occurs are ruby copper, copper pyrites, and 
malachite. It is dissolved by moderately strong cold nitric acid 
and IS soluble in hot strong sulphuric acid. Numerous alloys of 
copper are used. 

Mercury or quicksilver is the only liquid metal at ordinary tem- 
peratures. It is much used in thermometers and barometers. Its 
density is 13*5. It boils at 357*5° C. It dissolves many metals 
forming amalgams. Cold nitric acid and hot strong sulphuric acid 
dissolve the metal. 

Sodium is lighter than water. Its density is 0*97. It has to be 
kept under naphtha because of its strong attraction for oxygen. 

Zinc 18 a bluish-white metal. Its density is about 7. It does 
not easily combine with the oxygen of the air, and is extensively 
used to coat iron, as in galvanised iron. It is one of the constituents 
of bfass. It occurs in nature combined with sulphur, and with 
carbon dioxide. The metal easily dissolves in dilute hydrochloric, 
sulphuric, and nitric acids. 

Silver is a white metal. Its density is aliout 10*5. It does not 
tarnish in air, and when alloyed with copper is much used for 
coinage and jewellery. It is very malleable and ductile. The action 
of acids upon it is similar to the case of copper. Many compounds 
♦of silver are sensitive to the action of light, a fact which forms the 
basis of photography. 

Gold is a bright yellow metal, which generally occurs native in 
nature. It is unacted upon by air, and is much used for jewellery 
and coinage. It is soluble in aqua regia. Pure gold is known as 24 
cai'at gold. The British sovereign contains 22 parts of gold in 24 of 
the coin, and is called 22 carat gold. Gold is the most malleable 
and the most ductile of all metals. 
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EXERCISES ON CHAPTER XXXII. 

1 . What are the usual characters possessed by a metal ? Name 
any exception you know to any of the propefties you state. 

2. What do you understand by cacli #ot the following terms : 

native gold, alloy, amalgam, carat ? • 

3. Name three alloys in which copper occurs, and three in which 
lead is an important constituent. 

4. What metals occur in each of the following minerals : cinnabar, 
haematite, galena, malachite, blende’ 

5. Enumerate the characteristic properties of lead and silver. 

6. What metals do you know to be soluble in each of the follow- 
ing acids : hydrochloric, sulphuric, nitric ? 

7. What do you understand by galvanised iron? How is it 
made, and w hat reasons can you suggest for the process ? 

8. To what uses are the following metals put : mercury, gold, and 
zinc ? On what properties of the metals do these uses depend ’ 

9. Give a short account of the preparation from their ores of any 
two common metals. 



Absorption, effect of surface 
on, 185 

Acceleration, 41, 42 ; an in- 
stance of, 41 , meaning of, 
42 , r'ate of change of velo- 
city, 42 

Acid, chloric, 374 ; hydro- 
chloiic, 367-371 ; nitric, 3‘)2- 
394 ; phosphoric, 391 ; phos- 
phorous, 391 ; sulphinic, 
385-386 ; sulphurous, 382, 
383 

Action and reaction, 48 
Active pait of air, 321-323 
Adhesion, 14 
Agate, 402 

Air, action of hot copper on, 
311 ; action of iron on, 307- 
312 ; active part of, seaich 
for, 321-323 ; change in, 
caused by rusting, 310 ; 
changes in, produced by 
burning phosphorus, 313; 
chemical composition of, 
329 ; chemical properties 
of, 308-311; inactive part of, 
328-331 ; not a chemical 
compound, 330-331 
Air-pump, 110, 117 
Alabaster, 401 

Allotropic forms of car- 
bon, 352 ; oxygen, 329 ; 
phosphorus, 390; sulphur, 
379 

Allotropy, 379 
Alloys, 411, 412 
Amallfaraated zinc, 267 
Amber, 260 

Ammonia, 395-396 ; composi- 
tion of, 395 ; forms white 
fumes with hydrochloric 
acid, 895 ; preparation of, 
395 ; properties of, 395 
very soluble in water, 395 
Ammonium chloride, 396 ; 

sublimes when heated, 396 
Amorphous varieties of car- 
bon, 962 


INDEX 


Ampere’s rule, 274 
Animal charcoal, 352 
Anions, 284 
Anode, 281, 284 
Anomalous expansion of 
watei, 152-156 , conse- 
(luences of, 155 
Apparent solar day, 33 ; time, 
34 

Aqua fortis, see Nitric acid 
Aqua legia, 419 
Aragonite, 399 
Archimedes, principle of, 93- 
102 ; demonstration of, 97 
Area, measurement of, 23-25 
Argon, 329 

Asbestos, platinised, 384 
Atmospheic, circulation (>f, 
1%-199; extent of, 108, 
pressure of, 107-111 
Atoms, 4 

Attraction and lepulsion, 
electrical, 258, 260 ; of 

gravity, 44 
Axis, magnetic, 247 

Balance, 56-58 ; simple, 60 ; 

spring, 56, 59 
Balloon, 99 
Barium sulphate, 379 
Barometer, 108-111 ; cistern, 
109, 110; definition of.^^IO; 
mercurial, 109 ; pnncipli 
of, 108 
Base, 386 
Bell metal, 412 
Binding sci ew, 273 
Blacklead, 352 
Blast furnace, 420 
Bleaching powder, 375 
Blende, 379 

fioiling point, 132 ; depend- 
ent on pressure, 131, 151 ; 
determination of, 148; of 
water, 130, 131, 132 ; table 
of, 177 

Boiling under diminished 
pressure, 151-162 
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Bone ash, 392 
Box of weights, 57 
Boyle’s law, 112-116; graphic 
representation of, 291 , 
statement of, 115 
Bramah press, 14 
Biass, 412 

Breezes, land and sea, 198 
Brimstone, see Sulphur 
Brine, 347 

British and Metric cquiva 
lents, 31 

British measures of length, 
21 

Bronze, 412 
Bunsen’s cell, 269, 270 
Buoyancy, 97, 98 , measure- 
ment of, 97 
Burette, 2t) 

Burning and rusting, 307- 
318 

Calamine, 417 
Calc s})iir, 301) 

Calcite, 399 

Calcium, 3()l ; caibouate of, 
361, 399 401 ; ir-hlonde of, 
3b() , oxide of, 361 ; })ho8- 
phatc of, 392 , sulphate of, 
348, 379, 401 

Caloiiipeter, water equiva- 
lent of, 170 

Camera, photograpliic, 229 ; 
images are inverted in, 205; 
pin-hole, 204, size of imago, 
205-207 

Candle, burning of a, 314- 
318 ; burning of, in chlor- 
ine, 373; burning of, in oxy- 
gen, 325; produces moisture 
when burning, 314, 316; 
no loss of weight when a 
candle burns, 16 ; sub- 
stances produced by a 
burning, 16 ; uses up air 
when burning, 315, 316 
Candle flame, structure of, 
817 
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Capacities for heat, compari- 
son of, 160 , measui es of, 31 
Capacity, 29 
Carat, 420 

Carbon, in jilants, 361, 345, 
properties of, 351 , varie- 
ties of, 351, 352 
Carbon dioxide, 32*» , acid 
hobitions foimed bv, 357, 
action on lime water, 352, 
357, 358, foirncd by bmn- 
infj oaibon, 351 , foiinedby 
biirningcandle, 353 , ocem- 
lencc of, 353, 359; pic- 
paiati on of bottles of, 357 , 
produced by breatliini^ 
and burning, 352-35(» , jno- 
duction by heating chalk, 
35‘.*.3()1 ; plod need by chalk 
and acid, 35()-359 , piopci- 
ties of, 350, 357 , uses of, 
358 

Carbon monoxide, 301-303, 
occunencc, 3o2 , ])rcpata- 
tion of, 3()1 , pioperties of, 
303 , unites with oxygen, 
303 

Carbonates, ])iopeities of, 
301 

Cariielian, 402 
Cast iron, manufacture of, 
421 

Caustic yiotash, 407, 408 , 
prepaiatiori of, 407, 408 
Caustic soda, 400) , ])rejiaia- 
tion of, 404, 400 
Cell, the simple voltaic*, 208, 
205) , ty ] )cs of voltaic, 205)- 
271 

(’entigrade scale, 134 
(’cntimctre, 22 
Centre of giavity, 71-77; 
determination of, 71, 73, 
74 ; of skeleton figures, 71 
Chalcedony, 402 • 

Chalk, composition of, 300 , 
prodiiciion of lime from, 
300; results cjf adding acici 
to, 300-301 ; undergoes 
change vvhon heated, 300 
Chalybeate waters, 347 
Characters, distinctive, of 
gases, 14 , liquids, 10-14 ; 
scdids, 7-10 

Charcoal, 351 ; animal, S52 ; 
burning of in oxygen, 325 , 
wood, 352 

Charges, electric, hound and 
free, 204, 205 

Chemical change, 296 , ele- 
ments, 290 

Chemical combination, 304 
Chemical compounds, 303; 

fixed composition of, 303 
"Chemical decomposition, 303, 
804 


Chemistry, definition of, 296 
Chill saltpetre, 393 
Chlorates, 375 

Chlorides, formed by chlor- 
ine and metals, 374 
Chlorine, 370, 371-374 ; action 
of on caustic potash, 374 , 
bleaches, 371 , combines 
spontaneously with sonic 
metals, 371 , coini'oundsf 
374-375, has gieat aflinit^^ 
for hvdiogcii, 372 ; is 
hc.aiei than air, 37.3 , |s 
soluble in water. 372 , }>ie 
paiatioii of, 371, 372; 

propel ties of, 373 ; solution 
in sunshine gives off 
oxygen, 372 

Circulation of atinos])hcie, 
100-199 

Clay iionstonc, 414 
Clinical theimomcter, 131, 
135 

('louds, 193 
Coal, 352 

Coefficient of expansion, l38, 
defined, 138 , of a gas, 137 , 
of a solid, 138 , of liquids, 
130 , tables of, 111 
Cohesion, 11, 14, definition 
of, 14 

C'mn, composition of gold, 
420 

Coke, or gas caibon, 352 
Collision of masses, 10 
Coloui, 234-239, of a body 
depends upon the light 
falling upon it, 239 
(Joloui disc, 2.38 
Compass, manner’s, 253 
Compressibility, 4 , of gases, 

4 , of liquids, 5 ; of solids , 

5 , a proof of poiosity, 5 
Concave mirrors, 217-218 , 

law of distances, 217 ; pun- 
ci})al focus, 217-218 
Conduction of heat, 181-182, 
definition of, 181, lowering 
of temj^rature by, 179 
Condiiptivitios of metals, 
relative, 179 

Conductois, electiical, 262, 
203 

Oondy’s fluid, 409 
Convection t)f heat, 182-184 
Co ordinates, 280, 288 
Copper, 415 410 , action of, 
on acids, 415 ; action of 
hydrochloric acid on, 410 , 
action of nitiic acid on, 
415; alloys of, 415; dis- 
placed by iron from its 
solutions, 415 , effect of 
heating in air, 415 ; heated 
with sulphuric acid gives 
sulphur dioxide, 383 ; pre- 


naration of from ore, 421 ; 
propel ties of, 415 ; pyrites, 
379, 415 , relative density 
of,* 410 ; ruby, 415 ; used to 
conduct currents, 416 
Cojipci nitmte, 394 
Cpppcr sulphate, ciystals of, 
380 , pi ejiai atioii of, 383 
Copperas, 415 
Copper glance, 415 
(5ioss-section of a wire, 9 
(Jry'-tallisatioii, 300-301 ; con- 
ditions of, 301 ; water of, 
340 

Crystals, forms of, 301 ; ex- 
amples of common shapes, 
301 

Cubual expansion of a 
liquid, 139 

Cm lent, electric, cause of, 
277, 278 ; direction of de- 
flection of a magnetic 
needle by, 273, 274 ; heat- 
ing of wiie by, 277, 279; 
magnetic action of, 207, 
271-273, passage of, thiough 
liquids, 281, 282 
Curients, ocean, 200; causes 
of, 200-201 

Curve, equation of a. 288, 
290*291 

Damlll’s cell, 209, 270 
Day, apparent solar, 38 ; 
mean solar, 34 ; sidereal, 
31 

Decantation, 300 
Declination, magnetic, 247- 
249 ; defined, 249 ; value at 
Gieenwich, 249 
Decrepitation, 300 
Densities, of different bodies, 
00 

Density, < 0-02 ; definition of, 
62 , determination of rela- 
tive, 02-06; meaning of, 
61 , standard of, 61 
Dew, 180-187 ; conditions for 
formation, 187 

Dew-pomt, 187, 189; deter- 
mination of, 187, 189 
Diamond, 351 

Dip, magnetic, 249-252 ; do- 
termination of, 250 ; cx-* 
planation of, 250 ; value at 
Greenwich, 251 
Dqiping needle, 249-252 ; be- 
haviour at different places, 

Dispersion, a consequence of 
unequal refraction, 285 ; 
of light, 234-237 
Distillation, 298 
Distinctive characters, of 
gases, 14 ; of liquids, 10*14 ; 
of solids, 7-10 
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Drops, 10 ; cause of, 14. 
Ductility, 9 * 

Earth as a magnet, 252 
Earth, rotation of, 33-34 , 
peiiod of, 34 

Earth’s magnetic poles, po|i. 
tion of, 251 

Effervescent wateis, 317 < 

Elastic and non-elastic 
solids, 5 j 

Elasticity, 1,5; limit of, 5 j 
Electric charges, 201-203 ; 

equal and opposite, 2ol, 262 
Electric current, cause of, 
277, 278 ; direction of, 2()9 , 
heating of wire by, 277, 
279 ; magnetic action of, 
207, 273, 274 ; passage of 
through liquids, 281, 282 
Electricity, static, 258-205 , 
fundamental experiments, 
267; voltaic, 207-279 
Electrics, 260 

Electrification, 259-265 , by 
friction, 258 ; two kinds of, 
259, 200 
Electrode, 284 
Electro-magnet, 271, 272 
Electro-motive force, 277 
Electrolysis, 281-284, 343, of 
copper sulphate, 281, of 
water, 282-284, 341 ; terms 
used in describing, 284 
Electrolyte, 284 
Electroscopes, 262 
Elements, metallic, 411 , 
nature of, 296 

Equilibrium, 75-77 ; centre of 
gravity and, 75 ; neutral, 
stable, and unstable, 75, 70 
Eudiometer, 342 
Evaporation, 298 ; cooling 
by, 146 ; freezing by, 147 
Expansion, anonialous of 
water, 152-150 , common 
illustrations, 125 ; cubical, 
125, linear, 125; measure- 
ment of, 137-141 ; of gases, 
124 ; of liquids, 124 ; of 
solids, 123 ; real and ap- 
parent, 140 ; superficial, 
125; unequal of solids, 123 
Extension of matter, or space 
occupied, 2 
Eye-piece, 231 

Fahrenhkit scale, 134 
Ferric oxide, 414 
Ferrous oxide, 414 
Ferrous sulphate, 415 
Filtration, 299 

Fire,change8 in a coke fire, 863 
First law of motion, 45 
Fixed points on thermr>- 
meter, 133 


Flint, 402 

Floating bodies and fluid 
displaced, 93, 94 
Fluid disi)lacod by floating 
bodies, 93, 94 , weight of 
equal to weight of body, 
95 

Fluidity, 8 
Fogs, 193 

Eoice, definition of, 45 ; unit 
of, 4b 

Foices, represented by lines, 
f4S, 50 , lesolution of, 51-52 ; 
parallel, 09-71 

Freezing mixtures, 157 ; ex- 
amples of, 157 

Fieezing iioint, maiking of 
on theimomcter, 130, 132 

Gai ENA, 379, 413 
Galvanised iron, 417 
Galvanometer, 273-277 ; mn - 
roi, 270 ; principle of, 274 , 
simple, 275 

Gas, effect of pressure on a, 
15 

Gases, bad conductors of 
heat, 18J , expansion of, 
140, 141 ; relation Ixitwccn 
pressure and volume of, 
112-114 

German silver, 412 
Glauber’s salt, 404 ; contains 
much water of crystallisa- 
tion, 404 ; propel ties of, 405 
Gold, occurs native, 420 , 
dissolves m aqua regia, 
419; properties of, 419, 
420 ; when thin is trans- 
parent, 411 

Gold leaf, 420, electroscope, 
203 

Good and bad conductors of 
heat, 181 , applications of, 
182 

Gram, definition of, 58 
Graphic diagrams, 270 ; re- 
presentation, 280 293 , re- 
presentation of c^ianges of 
volume of water, IjfO ; of 
forces, 50 
Graphite, 352 
Giavitation, 43 
Gravity, attraction of, 44 ; 
centre of, 71-77 ; determin- 
ation of, 71, 73, 74; of 
skeleton figures, 71 
Grove’s cell, 270 
Gun metal, 412 
Gunpowder, 409 
Gypsum, 379, 401 ; when 
heated yields plaster of 
Pans, 401 

H.«matite, 414 
Hail, 196 


Hardness, 9 ; measurement 
of, 10; of water, 345, 847 li 
permanent, 345, 318 ; tern-'' 
porary, 345, 348 
Hare’s apparatus, 64, 05 
Heat, capacity for, 103, 164 ‘I 
pioduced by resistance, 279 
Heat quantities, comparison 
of, 104 
Helium, 329 

Hoar frost, 187 ; not frozen 
dew, 187 

Hope's apparatus for show- 
ing maximum density of 
Wfiter, 154 
Hydraulic press, 13 
Hydrochluiic acid, 367-371 ; 
action of metals on, 368 ; 
chemical behaviour of, 870; 
composition of, 309, 870; 
contains hydrogen, 308 ; 
picpaiation of, 307 , pro 
dnction of by 'candle burn 
mg in chlorine, 373 , pro- 
perties of, 308 , solution of 
in water, 308 ; synthesis 
of, 374 

Hydrogen, 834-345 ; action 
of upon heated copper 
oxide, 343 ; burns but docs 
not support combustion, 
337 , forms an explosive 
mixture with air, 838 ; has 
a great affinity for chlorine, 
872 , lighter than air, 337 ; 
preparation of, 330 , pre- 
pared from sodium and 
water, 335 ; preparation 
of in large quantities, 389 ; 
properties of, 340 , pro- 
perties of flame of, 338 
Hydiorneter, 95 
Hydrostatic paradox, 13 
Hygrometer, 187-190 
HygrornetJV, Mason’s, 187 ; 
Ilegnault’s, 188-190. 

Iceland spar, 399 ; a doubly 
refracting substance, 399 
Impenetrability of matter, 2 
Inactive part of air, 828-329 
Inclined plane, 84, 86 ; 

parallelogram of forces 
applied to, 86. 

India-rubber, stretching of, 7 
Inducing charge, 265 
Induction, electric, 264 ; 

magnetic, 254-265 
Inertia, 6, 42, 44 
Insulators, electrical, 262, 263 
Intensity of light, 207 
Ions, 284 

Iron, 418-415; action of 
heated on water, 838; airj 
altered during rusting of, 
308, 809, 310; burning of 
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in oxygen, 326 ; caet, 414 ; 
does not rust in boiled 
water, 333 ; found in 
ineteoiites, 418; increase 
of weight during rusting 
of, 307, 309, preparation 
of from ore, 420; lelative 
densi ties of d ifferont kinds, 
414, lusts in unljoiled 
water, 833 , t usts in air, 
309 ; three kinds of 414 , 
wrought, 414 
Iron oxide, 328, 414 
Iron pyrites, 379. 

Jasper, 402 

Kainite, 408 
Kathions, 284 
Kathode, 2S1, 284 
Kilogiam, 58 
Krypton, 329 

Lactometer, 95 
Lampblack, 352 
Land and sea breezes, 198 
Latent heat, 172-174 , of 
fusion, 176 ; of steam, 174- 
176; of water, 173 , of vapo- 
risation, 177 
Lath, bending of a, 7 
Law of magnetic poles, 246 
Ijews of electrical action, 201 ; 
of magnetism, 244-247 ; of 
motion, first, 45 ; second, 
47 ; third, 48 

Lead, changes produced on 
heating, 321 ; heating in 
air, 412 ; obtained from its 
compounds, 412, 421 ; pre- 
paration of, from ore, 
421 ; properties of, 412, 418; 
soluble in nitric acid, 413 
Lead nitrate crystals, 394 
Lead, red, gas jftoduced by 
heating, 321 

Leblanc process of making 
soda, 406 

Lens, built up of parts of 
prisms, 230; principal focus 
of, 228 ; refraction through, 
228-231 

Lever, 77-79 ; arm., of, 80 ; 
classes of, 80 ; principle 
of, 80 

Light, a form of radiation, 
208; analysis of, 234-239; 
intensity of, 207 ; recti- 
linear propagation of, 208, 
204 

Lime, 861 ; action of, on 
litmus solution, 860; pro- 
duced by heating chalk, 
860 ; slaking of, 860 ; solu- 
tion of, in acids, 360 
Limestone, 399 


Lime water, action of carbon i 
dioxide on, 352, 357, 358 
Lines of force, 246 
Liquefaction, 144 146 
Li(]uid, head of, 104 , pres- 
sure of, 103 107 ; upward 
pressure of, 104, 106 
Liquids, distinctive chai- 
acters of, 10-14 ; find then i 
level, 11 ; coinmunicati 
pressure in all directions, 
Litharge, 322, 413 
Loci, 286, 288 » 

Locus, symbolic representa- 
tion of, 288, 2iK) 

Lodestono, 244 
Loss of weight of bodies 
immersed in water, 98 
Lustre, some non - metals 
have a, 411 

Machines, 79-89 
Magnesium, burning of, in 
oxygen, 32() ; increaso of 
weight wheii buint, 307 
Magnesium sulphate, pre- 
paration of, 386 
Magnet, artificial, 243, 244 ; 
natural, 242, 244 ; result of 
bi eaking a, 245 
Magnetic, action of electric 
currents, 271-273; attrac- 
tion and repulsion, 244 ; 
axis, 247 ; declination, 247 , 
dip, 249-252 ; determina- 
tion of, 250; explanation 
of, 260; value at Green- 
wich, 261 ; equator, 247 ; 
induction, 254-255 , mer- 
idian, 246 

Magnetisation by lodestono, 
242 ; methods of, 254 
Magnetism, 242-265 
Magnetite, 244, 414 
Malachite, 415 
Malleability, 9 
Manganese, chloride, 373 ; 
dioxide, 325 ; use of in pre- 
paring^chlorine, 873. 
Marbje, 401 

Mason’s hygrometer, 187, 
188 

Mass, standards of, 58 
Mass and weight, 56-60 ; 

meaning of, 66 
Masses, equal, have equal 
weights, 60 

Matter cannot be destroyed, 
15-16; definition of, 3; 
divisibility of, 8 ; exten- 
sion of, 2 ; impenetrability 
of , 8 ; meaning of, 2 ; three 
stiites of, 6 ; transfers 
motion, 3 

Maximum density of water, 
151 


M^an solar second , 34 ; time, 84 
Measurement, of area, 28-25 ; 
of length, 20-22 ; of vol- 
ume, 25-80 

Mechanical advantage of a 
machine, 85 ; of a system 
§(>f pulleys, 86 
Melting point, 145 , of butter, 
145 ; of wax, 144 , table 
of, 146 

Mercury, 416-417 ; action of 
acids upon, 417 ; forms 
amalgams, 416 ; heaviest 
liquid known, 417; occur- 
rence, 416 ; nitrate, 394 ; 
preparation of from ore, 
421 , properties of, 416-417 ; 
red oxide of, 321 , used for 
looking glasses, 417 
Meridian, geographical, 247 ; 
magnetic, 246 

Metals, all are not elements, 
411 ; characters of, 411-412 ; 
combine with active part 
of air, 311 ; effects of heat- 
ing in air, 308 ; general 
characters of, 411 ; spon- 
taneous combination of 
With chlorine, 871 
Metals and non-metals, 296- 
297 

Metallic elements, 411 
Meteontes, 413 
Metric and British equiva- 
lents, 31 

Meti ic, measurement of mass, 
59 , measures of length, 22 ; 
of capacity, 31 
Microscope, 228 
Mineral water, 347 
Mirror, images produced by 
plane, 214, 216-217 
Min ors, spherical, 217 
Mist, 193 

Mixtures, and compounds, 
the distinction between, 
303 ; separation of by mag- 
netism, 302 ; by solution, 
301 

Momentum, 46 ; unit of, 46 ; 
change of proportional to 
force, 47 • 

Moments, principle of, 78, 82 
Monsoons, 198 • 

Motion, 37, 38 ; definition of, 
38 

Negative electrification, 261 
Negative pole of cell, 269 
Neon, 329 

Newton’s laws of motion, 46, 
47, 48 

Nitrate, formation of a, 
393 

Nitre, properties of, 407, 408 ; 
prepared from the soil, 408 



428 


LES80N8 IN SCIENCE 


Nitric acid, 392-394 ; action of 
on metals, 392, 31)4 , activin 
of on sawdust, 394 ; an 
oxidiser, 394 ; easily „ives 
up oxygen, 393 ; properties 
of, 392, 394; piepamtion 
of, 392 

Nitrogen, 321, 328-329 ; pro- 
perties of, 328 

North magnetic pole, 24ll ; 
why a magnetic needle 
points to the noith, 24b 

Object glass, 231 
Ocean currents, 200 , causes 
of, 200-201 
Opal, 402 

Opaque bodies, 239 
Oxides, formation of ex- 
plained, 327 ; of non, 414 , 
of suljihur, 3S ) 

Oxidiser, nitric acid an, 394 
Oxidising agent, 391 
Oxygen, 321-328, .ictive part 
of an called, 323; from 
plants, 354 , jirepaiatiunof, 
323-325 , properties of, 325- 
327 , soluble in solution of 
pyiogallol, 32b 
Oxygen mixture, 325 
Ozone, 329, 330 

Parallfl forces, 09-71 ; prin- 
ciple of, 71 ; lesultant of, 
69 

Parallelogram of forces, 49-52 
Pebble, Brazilian, 401 
Pendulum, 33, 35 ; seconds, 41 
Perpetual motiouimpossiblc, 

45 

Pewter, 412 
Phosphates, 39 1 
Phosphites, 391 
Phosphoric acii,. 391; pre- 
paration of, 391 
Phosphorous acid, 391 
Phosphorus, 389-392 ; amor 
phoiis, or red, 390 ; and 
oxygen, 390; air used up 
by, in burning, 312 ; burn- 
ing of, in oxygen, 326; buin- 
• lug of, 312-314; cliangcs 
produced in air by burn- 
ing, 313 ; dissolves in car- 
bon disulphide, 389, fumes 
from, dissolved in water 
yield an acid solution, 389; 
manufacture of, 391-392; 
pentoxide, 390, 391 ; pro- 
perties of, 389; red, in- 
soluble in carbon disul- 
phide, 390; slowly burn- 
ing, uses up air, 314 ; 

for making matches, 
390 < A 

Hiosphorus triokide, 891 


Photometer, Bunsen’s, 211 , 
Rumfoid’s, 211 
Photometry, 210-212 
Physical and chemical 
change, 295-296 
Pin-liolc camera, 204, 205 , 
images are luvcited, 205, 
si/c of image, 203-207 
^ Pltints, oxygen from, in sun- 
( light, 354, 355 , purifying 
^,action of, 3.3.5 
Plaster of Pans, 401 
P,Visticity, 10 
Platinised asbestos, 384 
Plotting, loci, 286 , points, 
286 

Polarisation, 268, 2t»9 , 

methods of removing, 
269 

Poles, position of earth’s 
magnetic poles, 231 
Poiosity, 1, 4 

Positive, electiifi cation, 261 
pole of cell, 2()0 
Potassium, 407 ; action of, 
on water, 407 , carbonate, 
407 ; chlorate, 323, 324 , 
chloride, 325, 374 , hydio- 
gon 8iili>hate, 393, h\- 
droxido, 407, 408 , jaepara- 
tion of, 407, 408 ; hypo- 
chlorite, 375 , niti ate, 3{>2 , 
properties of, 407; pei- 
nianganate, 407, 409 ; 

preparation of, 374 ; sul- 
phate, produced in pie- 
paring iiitiic acid, 394 ; 
yields oxj’^gen when 
heated, 407 

Potential, dififereiico of, 
277 

Precipitation, 301 
Pre.ssure, effect of on boiling 
point, 151 ; of atmosphere, 
107-111 ; of liquid column, 
106; of liquids, 10:M07; 
depends upon depth, 103, 
105 ; independent of form 
of containing ve^»el, 104; 
of liquids, relation liefovoen 
and area acted upon, 10.5 ; 
total upon area, 105 ; 
upward, 106 

Principle of Archimedes 
stated, 98 

Principle of work applied to 
pulleys, 86 

Prism, refraction through, 
227-228 

Proof plane, 263 
Properties, definition of, 2 ; 

general, of matter, 2 6. 
Pulley, 83-86; fixed, 84; 
single, 84, 85 

Pump, air, 116, 117 ; common, 
116, 118 


QuAKiriY <tf heat, 1.59-177; 
in i elation to substance, 
163 ; in water, 161 
Quartz, a form of silica, 401 
Quicklime, 301 

Kadiation of heat, 184-186 
Ham, 194 

R6aumar scale, 1.36 
Kecompositioii of white light 
)>y piisin, 237; by wheel, 
238 

Iteil lead, 41 1 

Reflection of hght, 214 , laws 
of, 212, 216 

Reft action of light, 221-231 ; 
18 accom]nuned by dis- 
|)cisi()ii, 235 ; laws of, 221, 
224 223, tluoiigli a lens, 
22S-2U, through a prism, 
227-228 ; vaiious effects of, 
222, 225. 2J6 
Refi igciatoi , 182 
Regelation, 145, 146 ' 

Regnault’s hygrometer, 188 
Relative density, detcimiiia- 
tion of, 62-66 

Relative dciivSity of solids, 
99-101 

Re.smous eledtnfication, 261 
Resistance, electrical, 277-279 
Resolution of foices, 51-52 
Resultant, calculation of, 51 
Resultant of two forces, 51 
Rigidity, .8 
Rock ciystal, 401 
Rusting of iron, 307-312 

Sam, common, 360 367 ; 
action of strong sulphuric 
acid on, 366 , composition 
of, 369 ; Cl ystals are cubes, 
366 , crystals contain no 
water, 366 ; effect of heat 
on, 366, hick, 366 , soluble 
in water, 366 ; solution is 
neutral, 366 
Salt jians, 347 

Saltyietro, 393 ; pi operties of, 
407, 408; prepared fiom 
the soil, 408 
Sands, 401 
Sandstone, 401 
Satin spar, 461 
Screw, 84, 88 ; mechanical 
advantage of, 88 
Sea lireezes, land and, 198 
Second law of motion, 47 
Selenite, 401 
Shadows, 208-209 
Sidereal second, 34 
Silica, 401-402, amorphous, 
402 ; forms more than one 
half the weight of the 
earth’s crust, 401 ; varieties 
of, 402 



INDEX 


429 


Silicates, 401 
Silicon, 401 

^ilvor, 418 ; aj?ood conductor, 
' 418 ; action of acids on, 419 , 
action of sulphur on, 419 ; 
bromide, 419 , chloride, 419 , 

> iodide, 419 , pieparation of 
from 01 e, 421 , properties 
of, 118, when veiy thin 
transmits blue lif,dit, 419 
coins contain coppei, 
41'. 

Sil or comiiounds, action of 
on, 419 

.'‘r[.»u(n, 110, 119, force driv- 
t'! , Inpiid m, 120 
^lal-od lime, 300 
i4iu)V 194, 195 ; crystalh, 1% 
SO(*ii-Mi, 32t), 334, 404-405, 
41', action of on watei, 
3 It, 335 ; burning- of in 
\ 'Cn, 320; bicaibonatc, 
pre{xiration and properties, 
400, carbonate, 405, crystals 
of, 405; prepaiation and 
pro] )or ties of, 405, 400 , 
chloride, piopeities of, 
30o; floats on watei, 411, 
hydi oxide, preparation of, 
404, nitiate, 303 , occur- 
rence of, 405 , pri>pertieH of, 
404, 405 , sulphate, 404 ; 
sulphite, 384 

Soldi day, apparent, 84, 35 , 
mean, 34, 35 
Solder, 412 

Solids, distinctive chaiacteis 
of, 7-10 , ductility of, 9 ; 
hai dness of, 9 , malleability 
of, 9 ; ngidity of, 8 , ten- 
acity of, 9 

Solubility cuives, 291-293 
Solution, 297-298 ; a physical 
change, 298 ; saturated, 298 
Solvent power of hot and 
cold water, 300 '• 

Sovereign, 420 

Specific heat, 107-171 ; defini- 
tion of, 100 ; determination 
of, 107-171, of liquids, 109, 
of solids, 108 ; table of, 170 
Specific gravity, bottle, 02, 
04 ; determination of, 99 
Spectroscope, 23o 
Spectrum, 235-237 ; varieties 
of, 237 

Specular iron ore, 415 
Speed, 37, 39 

Spherical mirrors, 217-218; 

principal focus of, 217, 218 
Spirits of salt, see hydro- 
chloric acid 
Spring balance, 50, 59 
Stability, conditions of, 77 
Stalactite, 399, 400 
Stalagmite, 899, 400 


Standards of mass, 68 
Star or sidoral day, 34j^. 36 
States, the three states of 
matter, 6-7 

Steam, composition of by 
volume, 374 

Steel, 414 ; pioperties of, 
414 ; tempering of, 414 ; 

1 elative density of, 414 
Storage, electric, 264 
Suldimation, 300 ; of am-j 
monium elilonde, 390 ^ 

Sulj>baics, 379 , pioduction 
of, 380 , 

SuljihideH, 379 

SuliihitcH, 382, 384 , give sul- 
phui dioxide when acted 
upon by sulphuric acid, 383 
Sulphui, 377-382; bleaching 
powci of the dioxide, 382 , 
burning of, in an, 382 , in 
oxygen, 326, 382 , crystal- 
line varieties of, 378 , ciys- 
tals of piismatic sulphui, 
381 , effect of heat upon, 
377, 381 ; flowers of, 378 , 
how found in nature, 378 , 
melting point of, 377 , 
nati\e, 378, obtained fiom 
some mineials, 378, octa- 
hedial, 379 ; oxides of, 382- 
385, plastic, pieparation of, 
380 , i)re8ent in animal 
and vegetable tissues, 379 , 
j)nsmatic, 380, vaiieties 
of, 379 

Sul] )hur dioxide, 328; com- 
bines with oxygen to form 
sulphur trioxide, 384 ; dis- 
solves in water, 383; ex- 
lielled from solution by 
boiling, 3s3 ; neutralises 
caustic soda solution, 383 ; 
production of, by burning 
sulphur, 382 , production 
of, fiom sul])huric acid, 
3S2 ; properties of, 383 
Sulphur trioxide, 383 ; com- 
position of, 383; prepara- 
tion o^ 384 , dissolved in 
watgr mrms sulphuric acid, 
385 

Sulphur waters, 347 
Sulphuric acid, 385-386 ; chars 
sugar, 385; has a strong 
affinity for water, 385 ; heat 
developed when dissolved 
j in water, 385; neutralises 
I caustic soda solution, 385 ; 
production of sulphur di- 
oxide from, 382 ; properties 
of, 385, 386; relative density 
of, 385; test for, and for 
soluble sulphates, 386 
Sulphurous acid, 382, 383 
Sundial, 38 


Suspended impurities in 
water, 347 
Sylfine, 408 
Synthesis, 343 

Telkscope, 280 
Temperature, distinction be- 
tween, and heat, 159, 160; 
indicated by expansion, 
* 127 ; measuring, 126 ; pro- 
duced by mixing, 165 
Temperature and watei level, 
analogy between, 161 
Tenacity, 8 ; measuieraent 
of, 9 ; of copper, 9 ; Qt 
cotton, 9; of lead, 9; of 
silk, 9 , of steel, 9 
Tension and extension, re- 
lation between, 48 
Theimornctei, 126-135, choice 
of substance foi, 128-129 ; 
coiihti iietion of, 129 , fixed 
])omts on, 131 , gi ad nation 
of, 130 , necessity for, 126; 
scales, 134 ; why mercury 
IS used foi, 1 9 
Time, units of, 33-34 
Toiieellian vacuum, 111 
Touch pa])ci, 407 
Tiiidc wuiids, 197, explana- 
tion of. 198 

Transjiarent bodies, 239 
Tiavcitme, 399 
Type metal, 412 

Umbka and j^enumbia, 208, 
209 

Unit quantity of heat, 160, 
162 

Vaporisation, 146-152; heat 
required foi, 147 
Va])our pressure and boiling 
])oint, 149-151 ; determina- 
tion of, 148, 150 
Variation, or magnetic de- 
clination, 249 

Velocities, composition of, 
41) ; parallelogram of, 40 
Velocitv, 37, 39 ; average, 39 ; 
resultant, 40 ; uniform, 39 ; 
unit of, 39 ; variable, 39 
Ventilation, 184 
Viscosity of liquids, 10, 11 
Vitreous electrification, 261 
Voltaic electricity, 267-279 
Voltameter, 282, 348 

WASHING SODA, 405 ; crystals 
of, • 405 ; preparation and 
properties of, 405, 406 
Water, 333-349 ; a bad con- 
ductor of heat, 180; action 
of metals on, 333-834, .335; 
action of soaium upon, 
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335 ; ail oxide of hydrogen, 
342 ; analysis of, 341 ; 
capacity of for heat, A)4 ; 
chemical examination of, 
334 ; composition of by 
weight, 343-345 ; dissolved 
impurities in, 347 ; distil- 
lation of, 349 ; formed (by 
burning hydiogen, 340, 
342 ; hard and soft, 345 f’ 
proportions of hydrogen 
and oxygen in, 842 ; results 
of high capacity for heat, 
165 ; suspended impurities 
in, 347 

Watera, natural, 346-347 


Water level, 12 
Wedge, 87 

Weight, mass and, 66-60 ; no 
loss of in change of state, 
16 ; no loss of in chemical 
combinations, 303 
Wet and dry-bulb thermo- 
meter, 189 
Wheel and axle, 89 
White light, recomposition 
« of, 237 

Winds, 19ti-199 ; cause of, P»6 
Wire, twisting of a, 7 
Wire gauze, action of on 
flames, 180 
Wood charcoal, 352 


Work, principle of, 82 ; illus* 
trated by lever, 83 
Wrought iron, 414 

Xenon, 329 

Yard, standard, 21 

Zinc, 417-418 ; action of acids 
upon, 417; amalgamated. 
267 ; blende, 417 ; chloride. 
418 , preparation of from 
ore, 420 , properties of, 41 7 , 
sulphate, 339, 340, 418, 
crystals of sulphate, 339, 
formation of, 340 ; used for 
galvanising iron, 417 
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Set A.— PHYSICAL APPARATUS. 
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I Piece of Chamois Leather. 

I Barometer Tube, 

I Glass Block and Glass Marble. 
7 Set of Iron Weights 50 grms. 

to ^ kilo. 

7 Wooden Lath. 

7 2 Small G Clamps 

8 Iron and Copper Wires for 

breaking strain 

8 I Tin Scale Pan 5 m. diam. 

with chains and hooks. 

10 Lead Ball with ring for plumb 
line. 

12 Level of Water Apparatus 
mounted on stand. 

17 Glass Tube and Taper for 
candle experiment. 

20 Boxwood Rule, 30 cm. long, 

double scale. 

21 I Tape Measure, 3 ft in nickel 

case, with sprmg stop. 

25 Box of 8 Cubes, i m. 

26 I Sheet of Cardboard. 

27 Box, I ft. cube with lid i sin. 

thick and divided'* into 
square inches. 

27 I Divided Decimetre Cube. 

27 I Half-pmt Glass Measure. 

27 I 2 02. Glass Measure. 

27 I 1,000 cc. Glass Measure. 

28 I Burette 25 cc. in tenths with 

stopcock. 

28 I Pipette 100 cc. 

37 I dozen Marbles. 

46 2 Balls, in. diam. and one 
small ball with two strips 
from which to suspend 
them, and one metre rule — 
for momentum apparatus. 


PAGE 

48 Extension Apparatus — 2 yd. 
Thin Indiarubber cord, 
3 mm. sq. and small scale 
pan 

56 I Sprmg Balance reading to 

8 OZ. X i 02. 

56 I each Iron Weights with 

rings — I, I and 2 lb. 

57 I Student’s Physical Balance 

to carry 1,000 grms. 

57 Set of Weights from i decigrm. 
to 200 grms. in polished 
case. 

60 I ea. cm. Cubes of Wood, 
Lead, Cork and Marble. 

62 Specific Gravity Bottle, 50 

grms 

63 I lb. Lead Shot. 

63 I U-Tube mounted on board. 

64 Hare’s Apparatus unmounted 
69 I Lever for suspension. 

69 2 SprmgBalances J lb. to 12 lb. 
80 Wooden Lever with wedge 

fulcrum. 

83 2 Boxwood Pulleys 2i in. 

diameter. 

84 Inclined Plane with metal 

roller and pulley. 

89 Simple Wheel and Axle. « 
93 I Rectangular Rod of Wood 
weighted with lead. 

95 I Floating Hydrometer. 

103 2 Glass Tubes mounted on 

graduated board. 

104 4 Glass Tubes of different 

shapes. 

104 Upward Pressure Apparatus. 
107 Piece of thin Sheet India- 

rubber. 



PHYSICAL APPARATUS (contd.) 

PAOB PAGE 

108 Model Bardmeter mounted 212 i Plane Mirror 4x3 in. 

on board, without mer- 222 Flat Glass Bottle with paper 

cury. circle for refraction ex- 

109 2 Barometer Tubes. penments 

I Thick Glass V»r.sel. 222 i Rectangular Glass Block 4I 

111 I Glass Trough 6 «x si in. x 2i x J m. 

112 I Glass Tube 20 «cm. long, 227 i Glass Prism, equilateral, 

closed at one end, one sides 38 iniii. 

open tube and 3* ft. India- 228 2 Wooden Lens Holders, 

rubber tubing for Boyle’s 228 2 Bi-convex Lenses, 38 mm. 

Law. diam. 50 cm. focus 

118 Glass Model of Common 228 i Bi-concave Lens, 38 mm. 

Pump. diam. 26 cm. focus 

119 Syphon Tube 12 in. 228 Wooden Block to hold candle, 

123 Gravesande’s Ring and Ball. with candle. 

124 2 Round bottomed flasks 235 i Hollow Prism. 

with corks and tubes for | 237 i pair Prisms for recomposi 

expansion. 1 tion of light. 

126 I Empty Thermometer Tube j 238 Small Hand Revolver and 

with filling bulb. 1 Colour Disc 

127 I each Thermometers with I 242 i piece of Lodestorie. 

Fahrenheit and Centi- 243 i pair of Bar Magnets 6 in. 

grade scales 243 i Bottle of Iron’ Filings. 

131 I Clinical Thermometer i 243 i Packet of Sewing Needles, 

i^ Apparatus for determination ! 243 i Horseshoe Magnet 4 m. 

'J-p of freezing point 243 i Reel of Thread. 

132 Apparatus for boiling point. 245 i Brass Support for Magnetic 

136 Apparatus to show expansion Needle 

of a rod 245 i Magnetic Needle with agate 

136 Glass Tube 30 cm. long x 3 centre 3 m. 

mm. bore, closed at one 245 i Small Compass, j in diam. 

end. 245 I Clock Spring 

137 Glass Tube 20 cm. long and 250 i Simple Dipping Needle 

I mm. bore. 253 i Manner’s Compass Card 3 in. 

149 2 U-Tubes for boiling point 258 i Glass Rod, 12 x i in. 

determmations 258 i piece of Silk Rubber. 

153 I Tube with cylindrical bulb 258 i Rodof Sealing Wax 12 x i in#^ 
for density of water 258 i Piece of Flannel for Rubber. 

167 I Spun Copper Calorimeter 258 i Rod of Ebonite 10 x J in. 

2i X li in., suspended, 25G i Fur Rubber, 

inside copper vessel 4i x 259 ♦ 2 Pith Ball Electroscopes. 

3i m. 259 I Reel of Unspun Silk. 

167 Steam Heater. 259 i doz. Pith Balls. 

175 Steam Trap. 263 Simple form of Gold Leaf 

779 Set of 5 Wires on board. Electroscope. 

180 Cylinder of Wood and Brass. 263 i Book of Dutch Metal. 

188 Simple form of Regnault’s 263 i Proof Plane. 

Hygrometer. 264 i pair Brass Knobs on insu- 

204 3 Wooden Blocks 2 x 2 x lated stands. 

4 m., with card screens 267 i Strip of Zinc with terminal. 

. 8 X 4 in. 267 I Rod of pure Zinc and ter- 

208 I Fishtail Burner. minal. 

tio X Rumford’t Shadow Photo- 267 i Strip of Copper with 

meter. terminal. 
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PHYSICAL APPARATUS (co^ntd.) 

PAGE PAGE 

268 ^ lb. Cotton Covered Wire 277 2 Reels of Bare Copper Wire 

No. 20, of different sizes. 

269 I Daniell Cell, i pint size. 277 1 Yard Fine Platinum Wire. 

269 2 Bunsen Cells, i pint size. 281 2 Platinum Foil Electrodes. 

272 I Horseshoe Electro-magnet, 281 i lb. Copper Sulphate in 

4 m. long by ^ in. core. TOttle. 

272 I Soft Iron Core 8 x J in. 281 2 copper Plates with wires 

272 I doz. Bindmg Screws. ’attached. 

275 I Simple Galvanometer. 283 i Water Voltameter, 

277 2 Reels of Bare German Silver 286 i quire Curve Paper in -^tbs 

Wire different sizes. in. 

Set B.— 

GENERAL APPARATUS and GLASSWARE. 


Retort Stand with two rings 
and clamps. 

Iron Tripod, 

3 pieces Iron wire gauze 6x6 
m. 

I Bunsen Burner. 

I Flat Flame Top for Bunsen 
Burner. 

3 ft. Gas Tubing. 

4 No O Crucibles and Covers. 

1 12 oz. Stoppered Retort. 

6 Flasks, 20 oz. 

3 ft. Indiarubber Tubmg i in. 
100 Filter Papers 5^ in. 

2 Evaporatmg Basins 
I Wash Bottle, 20 oz. 

I Mortar and Pestle. 

1 JBundle of Cedar Spills. 

2 Tapers and Holders. 

J lb. Spaire Tapers 

3 Clav Tnangles. 

6 Watch Glasses, 2 in. 

I sq. yard Muslin. 

Set of Wood Blocks. 


2 Nests of Beakers, 1-4. 

3 doz Test Tubes, 6 x f in. 
I doz Hard Glass Test Tubes, 

6 X I m. 

I Test Tube Holder. 

1 Test Tube Stand, 6 holes. 

2 Funnels, 3 in 

i doz. Thistle Funnels. 

I lb. Glass Rod. 

3 lb. Glass Tubing, -fg m. 

to 1 m. 

4 Gas J ars, 20 x 5 cm. 

6 Covers for ditto. 

I Glass Trough, 9 m. 

I Beehive Shelf, 3 in. 

gross Corks assorted. 

I Deflagratmg Spoon. 

I doz. Books of Blue Litmus 

1 doz. Books of Red Litmus. 
Wrought- Iron Tongs. 

2 Ca CI2 Tubes. 

I Sand Bath. 

I Iron Spoon. 


CHEMICAL APPARATUS. 


297 I Condenser, 12 in. 

31 1 I 40 oz. Bottle fitted with 

funnel, etc. 

312 I Glazed Tile 8 cm. 

314 I Deflagrating Jar 7 x 4 in. 
314 I 2 in. Bung. # 

324 I Hard Tube RetCHrt. 

326 I I oz. Reel of Iron Wire. 

333 I 12 in. Combustion Tubing 

with indiarubber stoppers 
and tubes. 

334 I ft. Lead Tubing. 

337 z Gas-generating Flask 20 oz. 
L.S. I. 


338 I Soda Water Bottle. 

341 I Calcium Chloride Tube 5 in. 
344 Apparatus for reduction of 
copper oxide. ' 

354 I Glass Jar 17 x ri cm. 

362 I Hard Glass Tube for fig. 242. 
367 I Wash pottle. 

369 I Hard Glass Tube for fig. 245. 
377 I Thermometer 210° C. 

392 I Clay Pipe. 

396 I Tube with tap for Ammonia 
412 I Blowpipe. 

417 I Iron Ladle. 

K 
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Set C.~-CHEMICALS. 


Put up in Boxwood Top Bottles generally, but in glass stoppered bottles 
( where necessary. 


PAGE 

I lb. Loaf Suga-r in tin. 
z lb. Nitre. 

I lb. Salt. 

1 lb. Sand in tin.** 

^ lb. Ammonium Chloride. 

4 oz. Alum. 

2 OZ. Copper Sulphat^. 

2 oz. Lead Acetate. 

1 qt. Distilled Water.o 

2 oz. Copper Filings. 

4 oz. Powdered Sulphur. 

2 oz Iron Filings. 

2 oz. Red Oxide of Mercury. 
2 oz. Lead Nitrate cryst. 

2 yd. Magnesium Ribbon. 

1 lb. Quicklime. 

Platinum Foil 2 x i in. 

2 oz. Copper Foil Strip. 

2 oz. Strip Lead. 

^ lb. Lime Water. 

8 oz. Wood Charcoal. 

3 lb Mercury in bottle. 

4 oz. Caustic Potash. 

4 oz. Granulated Zinc. 

4 oz. Sodium Sulphate. 

4 oz. Calcium Chloride. 

2 OZ Copper Oxide 

4 oz. Marble. 


PAGE 

1 oz. Blue Litmus Gran. 

4 oz. Powdered Chalk. 

4 oz Sodium Hydrate. 

2 oz. Antimony 

1 Book of Dutch Metal. 

I lb. Chlorine Water. 

Iron Pyrites. 

4 oz. Barium Chloride. 

1 oz. Iceland Spar. 

4 oz. Soda Carbonate. 

Gold Leaf mounted between 
glass. 

Specimens of lead, tin, brass, 
gun-metal, pewter, Ger- 
man silver, bronze, solder, 
steel, wrought iron, cast 
iron, copper bar, copper 
sheet, copper wire, bell 
metal. 

2 oz. Lead Wire. 

4 oz. Lead Oxide Litharge 

4 oz. Powdered Charcoal. 

2 oz. Strip Zinc 

2 oz. Pot. Permanganate. 

Sheet of Silver leaf between 
glass. 

i oz. Silver Nitrate. 

Book of gold Leaf. 


Dangerous Chemtcals have not been included in Set C owing to the impossibiliiy 
of packing them with other goods. 

Set D.~additional physical apparatus not 

INCLUDED IN SET A. 


7 

8 

13 

50 

II7 

123 


Indiarubber Balance for elas- 
ticity. 

Torsion Apparatus, cylinder 
with graduated scale 

Glass Model of Hydraulic 
Press. 

Apparatus for demonstrating 
Parallelogram of Forces. 

Air Pump and Receiver. 

Plates of Brass and Iron for 
unequal expansion. 


125 Differential Air Thermometer 
150 Vapour Pressure Apparatus. 
154 Hope’s Apparatus with two 
Thermometers. 

187 Mason’s Hygrometer. 

204 Pinhole Camera. 

2 1 ]|r^ Bunsen’s Grease Spot mounted 
in holder on plain wooden 
foot. 

222 Drawing Board, 16 x 12 in. 

223 Glass Cell, 60 x 25 x 25 mm. 


PRICES. 

SET A Bs. 850. SET C Bs. ' 76. 

SET B Bs. 140. SET D Bs. 200. 

, \i I . 


To be obtained ot 


MACMILLAN AND CO., LIMITED, 

BOMBAY, CALCUTTA, MADRAS, and at 
THE S,P.C.K. BOOK DEPOT, MADRAS. 
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Part I. P^tndamental 

MEASUREMliNTS. 

I. Measurement of Length, 
Angle, and Ti*me. 

< II. Measurement of Area. 

HI. Measurement of ''{^ilume. 

IV. Mass, Weight, and jj^cnsity, 

Paet II. Hydrostatic^ and 
Mechanics. 

V. Matter : Its Three States 
, and General Properties. 

Vl. Pressure in Liquids. Rela- 
tive Density. 

VII. Atmospheric Pressure, and 
Boyle’s Law. 

VIII. Motion, Force, and Inertia. 

IX. Woik ; Friction ; Energ>. 

X. The Lever. Parallel Foiccs 
(’cntre of Gravity. 

XL The Pulley, Inclined 
Plane, and Screw. 

Part III. Heat. 

XII. Expansion. Theiniometers. 

XIII. Coefficients of Expansion. 

XIV. Quantity of Heat and its 

M easurement ; Specific 
Heat. 

XV. Pioperties of Vapours. 
E^vaporation and Boiling. 
Hygrometry. 

XVI. Melting Point. Latent 
Heat. 

XVII. Transference of Heat 
Part IV. Light. 

XV III. Propagation of Light. 
Shadows. Photometry. 
XIX. Reflection at Plane Sur- 
faces. 

(XX. Refraction at Plane Sur- 
faces. 

XXL Reflection at Spherical 
Surfaces. 

XXII. Refraction ^t Spherical 
Surfaces. 

XXIII. The Eye and Optical 
Instruments 

XXIV. Composition of Light 


Part V. Sound. 

XXV. Vibratory Motion. 

XXVL Elasticity. Velocity of 
Sound. 

XX VII. Musical Sounds. 

XXVIII. Induced Vibrations. 

Part VI. Magnetism. 

XXIX. Natural and Artificial 
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XXX. Magnetic Induction. 
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Magnetic P'lelds. 

XXX 11. Terrestrial Magnetism. 

Part VII. Static Electricity. 

XXXI 11. Electrification and the 
Electric Field. 

XXXIV. Electrostatic Induction. 

XXXV, Condensers. Flecinc 
Machines. 

Part VIII. Voltaic Pj.fc- 

TRICITY. 

XXXVI. Voltaic Cells. Mag- 
netic Effects of an 
Electric Current. 

XXXVIL Galvanoscopesand Gal- 
vanometeis. The Unit 
of Current 
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Ohm’s Law. 
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XL. Thermal Eftccts of 
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XLL Electro-Magnetic In- 
duction. The Rhum- 
korff Coil. The Tele- 
phone. RontgenRays. 

Physical Tables. 

Examination Papers. 

Answers to Exercises. 

Index. 


MACMILLAN AND CO., Ltd., Bombay, Calcutta, Madras, and London. 










